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ABSTRACT
The Harsit-KhprUbasi Cu-Pb-Zn sulphide deposit is 
located on the Black Sea coast about 3 km to the east of 
Tirebolu in the Giresun province of Turkey. It is one 
of the important polymetallic sulphide deposits occurring 
within the submarine volcanic environment of the Eastern 
Pontus ore province.
Pétrographie and chemical studies of the country 
rocks, despite their heavy alteration, show that they 
have similar features to the calc-alkali rock series of 
orogenic belts. The investigated area exhibits submarine 
volcanic rocks and sediment intercalations. Volcanicity 
took place between Upper Durassic - Lower Cretaceous and 
Oligocene - Miocene and is represented by three distinct 
cycles. The first cycle shows an almost total fraction­
ation sequence, however the last two contain only basic 
rocks.
The ore mineralisation of the area like most occur­
rences within the Eastern Pontus ore province, is associ­
ated with the so-called "ore-bearing dacite". The Harkkoy 
polymetallic and the Israil pyritic sulphide deposits 
have been studied for the purpose of comparison of their 
ore minerals with those of the Harsit-KbprUbasi deposit.
11.
An electron probe microanalyser was used to deter­
mine the composition of the rock forming, and ore minerals, 
and also to compare various representatives of continuous 
isomorphous series of some sulphosalts. The majority of 
the analyses were of sphalerites; the Fe , Mn and Cd 
contents being found useful for purposes of comparison.
Homogenisation and last-ice-melting temperatures of 
the fluid inclusions in sphalerite, quartz and barite 
crystals from the Harsit-Kbprbbasi deposit range between 
239° to 338°C, and -1.0 to -3.1°C, respectively.
From the evidence afforded by field, underground and 
borehole data, together with that from detailed chemical, 
mineralogical, fluid inclusion and electron probe studies 
on the ores, and country-rocks, the origin of the ore 
body and it's relation to the country-surrounding country 
rocks is discussed.
Ill.
ACKNOWLEDGEMENTS
I would like to express my sincere gratitude to 
Professor O.E,Prentice for acting as my supervisor; 
spending many hours of his time in checking some of the 
data; giving his permission for the use of facilities 
in the Department of Geology, King's College, London; 
his encouragement, helpful suggestions in the field and 
critical reading of the manuscript. Dr. Ü.N.Walsh is 
thanked for his guidance during the geochemical work,
Dr, A.Hall for his help during the X-R-F, analyses, and 
Dr. J.W.Oldham for his help concerning ore petrology 
and stratigraphy.
Thanks are also due to the Mineral Research and 
Exploration (M.T.A.) Institute of Turkey, for the approval 
of the project, and the support provided during the . 
field trips to the area.
Special thanks are due to the technical staff of 
the Department of Geology, King's College, London, for 
being very helpful and co-operative throughout, and 
Eileen Bergh for typing the manuscript.
Discussions with fellow research students Drs. D . 
Alderton, N.Gackson, S.Talu, D.Moore, F.Moore and P.
Swart were most helpful.
Last of all, my dear wife, Ayse, without whose 
forbearance, encouragement, and support, this thesis 
could not have been possible.
iv. ’ Page
CONTENTS
ABSTRACT i.
ACKNOWLEDGEMENTS iii.
CHAPTER 1 INTRODUCTION 1
Climate and Vegetation 6
CHAPTER 2 PREVIOUS WORK
2.1. History 9
2.2. Review of the geotectonic evolution of
Turkey 10
2.3. The Stratigraphy of the Eastern Pontids 15
2.3.1. Crystalline Basement 17
2.3.2. Palaeozic Intrusives and Sediments 17
2.3.3. Ourrasic Conglomerates and Spilites 17
2.3.4. Lower Basic Series 18
2.3.5. Dacitic Series 18
2.3.5a. Dacite I (ore-bearing dacite) 18
2.3.5b. Dacitic-Rhyclitic tuffs 19
2.3.5c. Dacite II 19
2.3.6. Upper Basic Series 20
2.3.7. Dacite III 20
2.3.8. The Tertiary Intrusives 20
2.3.9. Young Basic Series and Dykes 21
2.3.10. Sea and River Terraces 21
2.3.11. Alluvium 21
2.4. Magmatic Activity 21
CHAPTER 3 FIELD WORK 24
3.1. Introduction 24
3.2. Geological succession 25
3.2.1. Lower Basic Series 25
3.2.2. Quartz Andesite-Quartz Trachyandesite 28
3.2.3. Dacitic-Rhyodacitic Pyroclastics 28
V . Page
3.2.4. Dacite-Rhyodacite 30
3.2.5. Hyalo-quartz albitophyre 33
3.2.6. Hyalo Rhyodacite-Hyalo Rhyolite 33
3.2.7. Rhyolitic lava, tuff and breccia 33
3.2.8. Tuffaceous Sedimentary Series 34
3.2.9. Upper Basic Series 35
3.2.10. Quartz Basalt-Quartz Dolerite 36
3.2.11. Terraces (marine and river) 36
3.2.12. Alluvial deposits 37
3.3. Structural Geology 37
CHAPTER 4 PETROGRAPHY 50
4.1. Introduction 50
4.2. Lower Basic Series 51
4.3. Quartz Andesite-Quartz Trachyandesite 55
4.4. Dacitic-Rhyodacitic pyroclastics 59
4.5. Dacite-Rhyodacite 61
4.6. Hyalo Quartz Albitophyre 64
4.7. Hyalo Rhyodacite-Hyalo Rhyolite 64
4.8. Rhyolitic lava, tuff and breccia 65
4.9. Upper Basic Series 66
4.10. Quartz Basalt-Quartz Dolerite 67
CHAPTER 5 GEOCHEMISTRY AND MINERALOGY
OF THE COUNTRY ROCKS 71
5.1. Geochemistry 71
5.1.1. Introduction 71
5.1.2. The Major Element Chemistry 71
5.1.3. Lower Basic Series 73
5.1.4. Quartz Andesite-Quartz Trachyandesite 75
5.1.5. Dacitic-Rhyodacitic Pyroclastics 75
5.1.6. Dacites-Rhyodacites 75
vi. Page
5.1.7. Hyalo Quartz Albitophyre 79
5.1*8. Hyalo Rhyodacite-Hyalo Rhyolite 79
5.1.9. Rhyolitic Lava, Tuff and Breccia 79
5.1.10. Upper Basic Series 82
5.1.11. Quartz Basalt-Quartz Dolerite 82
5.1.12 Variation Diagrams 86
5.1.13 Petrochemistry 95
5.1.14 Variation Diagram for the Trace Elements 101
5.2. Mineralogy of the Country Rocks 106
5.2.1. Introduction 106
5.2.2. Plagioclases 106
5.2.3. Alkali Feldspars 118
5.2.4. Clinopyroxenes 120
5.2.5. Orthopyroxenes 125
5.2.6. Olivine 125
5.2.7. Biotites 128
CHAPTER 6 ORE MINERALOGY 129
6.1. Introduction 129
6.2. Mode of occurrence of the ore of the
Harsit-KBprUbasi sulphide deposit 130
6.3. Method of Study 131
6.4. Contouring of the Harsit-KbprUbasi
Orebody 133
6.5. Chemistry of the Ore 148
6 .6 . Sulphides 155
6.6.1. Pyrite 155
6.6.2. Sphalerite 159
6.6.3. Galena 169
6.6.4. Chalcopyrite 172
6.6.5. Bornite 173
6 .6 .6 . Idaite 173
6.6.7. Enargite 177
vii. Page
6.6.8. Realgar 177
6.6.9. Chalcocite 179
6 .6.10. Covellite 180
6.7. Sulphosalts 180
6.7.1. Bournonite 180
6.7.2. Tetrahedrite-Tennantite 192
6.7.3. Boulangerite and Geocronite 195
6 .8 . Sulphates 200
6.8 .1 , Anglesite 200
6.8.2. Barite 200
6.9. Oxide Minerals 200
6.9.1. Quartz 200
6.9.2. Hematite 202
6.10. Carbonates 202
6.10.1. Dolomite 202
6.10.2. Siderite 204
6.10.3. Malachite and Azurite 204
6.11. Clay Minerals 204
CHAPTER 7 FLUID INCLUSION STUDIES 206
7.1. Introduction and Previous Work 206
7.2. Geothermometry 208
7.3. The Present Study 209
7.4. Heating and Freezing Experiments 213
7.4.1. Homogenisation temperatures 213
7.4.2. Last-ice-melting temperatures 222
7.5. Alkali Ratio Analyses 227
7.6. Discussion of Results 228
CHAPTER 8 DISCUSSIONS AND CONCLUSIONS 230
8.1. Mineralisation in the Tethyan Region
in Relation to Plate Tectonics with 
Special Reference to the Eastern Pontus 
Ore Province 230
Vlll, Page
8 .2 . Mineralisation in the Eastern Pontus 
Ore Province 237
8 .2 .1 . The Massive type sulphide deposits 238
8 .2 .2 . Stockwork type sulphide deposits 242
8.2.3. Impregnation type sulphide deposits 243
8.2.4. The vein-type sulphide deposits 243
8.3. Origin of the Ore Mineralisation in 
the Eastern Pontus Ore Province 245
APPENDIX 1 Analytical techniques 250
APPENDIX 2 Locality of the ore samples 
analysed by X.R.F. 251
REFERENCES 254
MAP 1 . Geological map 
area.
of the Giresun-Tirebolu
MAP 2 . Cross sections of Map 1 .
MAP 3. Geological map 
deposit.
of the Harsit-Kbprübasi
MAP 4. Cross sections of Map 3.
ix. Page
FIGURES
Fig. 1.1. Location of the Harsit-KbprUbasi
deposit 2
Fig. 1,2. The known ore deposits around the
Harsit-Kbprbbasi area 4
Fig. 2.1. Tectonic Units of Turkey (after
Ketin 1965) 14
Fig. 3.1. Geological map of the Giresun-Tirebolu 27
Fig. 3.2. The fracture pattern of the coastal
region between Ordu and Trabzon cities 
(after Kronberg, 1970) 39
Fig. 3.3. Contour diagram of the Harsit-
Kbprbbasi deposit 43
Fig. 3.4. Contour diagram of the Harkkoy
deposit 44
Fig. 3.5. The zonation of the Harsit-Kbprbbasi
area (after Gumus, 1974) 46
Figs. 5.1-i Plot of SiO^ against oxide percentages
to 5.3. for AlnOn, total iron (Fe«0„+Fe0)
and IVlgO 89
Figs. 5.4. Plot of SiOU against oxide percent-
to 5.6. ages for CaU Na^O and K2O 91
Figs. 5.7. Plot of SiOU against oxide percent-
to 5.9. ages for TiU«, PoOq and total alkalis
(Na^O+KzO) 92
Figs. 5.10. Plot of solidification index (Sl)
to 5.12. against the oxide percentages for
SiOU, AlnOn and total iron 
(FeO+FegO)^ 94
Figs. 5.13. Plot of SI against the oxide percent-
to 5.15. ages for MgO, CaG and NagO 96
Figs. 5.16. Plot of SI against the oxide percent-
to 5.18. ages for K^O, TiÛ2 and P2O5 . 97
Fig. 5.19. lYlFA diagram for the rocks of the
Harsit-Kbprbbasi area ,98
Fig. 5.20. Plot of K2O against SiOU (after
Peccerillo and Taylor, 1976) 100
Figs. 5.21. Plot of Ba, Rb, and Sr against the
to 5.23. Modified Larsen Factor (3 Si+K-Ca-Mg) 102
Figs. 5.24. Plot of Y, Zr and Co against the
to 5.26. Modified Larsen Factor 103
X. Page
Figs, 5,27. Plot of Cu, Cr and Ni against the
to 5.29. Modified Larsen Factor 104
Figs. 5.30. Plot of Li, Pb and Zn against the
to 5.32. Modified Larsen Factor 105
Fig. 5.33. Or, Ab, An diagram for the feldspars
of the Harsit-Kbprbbasi area 116
Fig. 5.34. The pyroxene diagram of the
Harsit-Kbprbbasi area 124
Fig. 6.1 . The potential ore, together with
the drill hole grid pattern of the 
Harsit-Kbprbbasi deposit. 132
Fig. 6 .2 . Horizontal contour map of assay data
in percentage copper values 135
Fig. 6.3. Horizontal contour map of assay data
in percentage lead values 136
Fig. 6.4. Horizontal contour map of assay data
in percentage zinc values 137
Fig. 6.5. Horizontal contour map of assay data
in percentage antimony values 138
Fig. 6 ,6 . Horizontal contour map of assay data
in ppm silver values 139
Fig. 6.7. Vertical section from southwest to 
northeast of the Harsit-Kbprbbasi 
deposit 146
Fig. 6.8 . Vertical section from northwest to 
southeast of the Harsit-Kbprbbasi 
deposit 147
Fig. 6.9. MnS, CdS and calibrated FeS contents 
in sphalerite from the Harsit- 
Kbprbbasi deposit 166
Fig. 6.10. Minor element proportions in
sphalerite sum of wt.% Fe, Mn and Cd 
recalculated to 100 169
Fig. 6.11a. Sb and As linear scan showing that 
Sb decrease, and subsequently As 
increase 188
Fig. 6.11b. A linear scan showing the distri­
bution pattern of antimony and 
arsenic across the bournonite 
crystal 188
Fig. 6.12. Linear scan showing the distribution 
pattern of Sb and As across Plate 
6.10a. 194
xi. Page
Fig. 7.1. Histograms showing the range of
homogenisation temperatures of fluid 
inclusions in sphalerite and quartz 
crystals of H44 drill hole 217
Figs. 7 .2 . Histograms showing the range of
to 7.4. homogenisation temperatures of fluid 
inclusions in sphalerite, quartz 
and barite from Harsit-Kbprbbasi 
deposit 219
Fig. 7.5. Histograms showing the range of 
last-ice-melting temperatures of 
the inclusion fluids in sphalerite, 
quartz and barite crystals from 
the Harsit-Kbprbbasi deposit 225
Fig. 8.1. The Pontid-Elbruz and Pelagonian-
Taurus-Zagros island arc systems of
Tethys ocean (after Dixon and
Pereira, 1974). 235
xii. Page
TABLES
5.1. Analyses of Lower Basic Series 74
5.2. Analyses of Quartz Andesite-Quartz 
Trachyandesite 76
5.3. Analyses of Dacitic-Rhyodacitic Pyro 
elastics 77
5.4. Analyses of Dacite-Rhyodacite 78
5.5. Analyses of Hyalo Quartz Albitophyre 80
5.6. Analyses of Hyalo Rhyodacite-Hyalo 
Rhyolite 80
5.7. Analyses of Rhyolitic Lava, Tuff 
and Breccia 81
5.8. Analyses of Upper Basic Series 83
5.9. Analyses of Quartz Basalt-Quartz 
Dolerite 83
5.10. Average analyses of various rocks 
from IMockolds (1954) 84-85
5.11a. Plagioclase analyses of Lower 
Basic Series 107-109
5.11b. Plagioclase analyses of Quartz 
Andesite-Quartz Trachyandesite 110
5.11c . Plagioclase analyses of Dacitic- 
Rhyodacitic Pyroclastics 111
5.lid. Plagioclase analyses of Dacite- 
Rhyodacite 112
5.lie. Plagioclase analyses of Upper 
Basic Series 113
5.Ilf. Plagioclase analyses of Quartz 
Basalt-Quartz Dolerite 114-115
5.12. Alkali feldspar analyses of Quartz 
Andesite-Quartz Trachyandesite, 
Dacite-Rhyodacite and Hyalo 
Rhyodacite-Hyalo Rhyolite 119
5.13a. Clynopyroxene analyses of Lower 
Basic Series 121
5.13b. Clynopyroxene analyses of Upper 
Basic Series 122
5.13c. Clynopyroxene analyses of Quartz 
Basalt-Quartz Dolerite and Upper 
Basic Series 123
5.14. Orthopyroxene analyses of the 
Harsit-Kbprbbasi area 126
xiii. Page
5.15. Olivine analyses 127
5.16. Biotite analyses 127
5.1. Harsit-Kbprbbasi drill hole assay
data in percentage copper values 140
6 .2 . Harsit-Kbprbbasi drill hole assay
data in percentage lead values 141
6.3. Harsit-Kbprbbasi drill hole assay
data in percentage zinc values 142
6.4. Harsit-Kbprbbasi drill hole assay
data in percentage antimony values 143
6.5. Harsit-Kbprbbasi drill hole assay
data in ppm cadmium values 144
6 .6 . Harsit-Kbprbbasi drill hole assay
data in ppm silver values 145
6.7. Analyses of ores and host rocks 149-152
6 .8 . Early and late formed pyrite 
analyses from Harsit-Kbprbbasi
deposit 158
6.9. Pyrite analyses from Harkkoy deposit 158
6.10. Sphalerite analyses from Harsit-
Kbprbbasi deposit 163
6.11. Sphalerite analyses from near
Israil deposit 164
6.12. Sphalerite analyses from Harkkoy
deposit 164
6.13. Galena analyses 164
6.14. Average composition of Harkkoy idaite 176
6.15a. First and Second type bournonite
analyses 182
6.15b. Third type bournonite analyses 182
6.16 Tetrahedrite-tennantite analyses 193
6.17 Boulangerite analyses 199
6.18. Geocronite analyses 199
7.1. Filling temperatures of fluid inclu­
sions in sphalerite, quartz and 
barite from the Harsit-Kbprbbasi 
deposit 216
7.2. Last-ice-melting temperatures of
inclusion fluids in sphalerite, 
quartz and barite crystals from the 
Harsit-Kbprbbasi deposit 225
Plate 3.1. 
Plate 3.2.
Plate 3.3.
Plate 3.4. 
Plate 3.5.
Plate 3.6.
Plate 3.7.
Plate 3.8.
Plate 4.1.
Plate 4.2.
Plate 4.3. 
Plate 4.4.
Plate 4.5.
Plate 4.6.
XIV.
PLATES
Page
Quartz Andésite columns 29
Purple-coloured Quartz Trachy­
andesite dyke cuts a green coloured 
one 29
Altered Dacite-Rhyodacite grades 
upwards into unaltered
Dacite-Rhyodacite 29
Dacite-Rhyodacite columns 29
Anticlines and synclines with NE-SllJ 
and NUi-SE axial trends 41
Post mineralisation fault cuts the 
mineralised Dacite-Rhyodacite 41
Mineralised faults at the Harsit- 
Kbprbbasi deposit 41
Barite fault in the Harsit-
Kbprbbasi deposit 41
Photographs showing plagioclase 
phenocrysts, plagioclase zoning, 
albite and albite combined carlsbad- 
albite and pericline twinning in the 
Lower Basic series 52
Photographs showing albitization of 
plagioclase, Augite and hyperstene 
crystals and augite twinning in 
Lower Basic Series
Photographs showing various textures 
in the Lower Basic Series
54
56
Photographs showing large plagioclase, 
relatively small sanidine crystals, 
plagioclase alteration to calcite 
and biotite crystals in Quartz 
Andesite-Quartz Trachyandesite 58
Photographs showing texture of Quartz 
Andesite-Quartz Trachyandesite, and 
plagioclase alteration to calcite, 
hornblende crystal, and granular 
magnetite, along biotite borders in 
Dacitic-Rhyodacitic Pyroclastics 60
Photographs showing plagioclase alter­
ation to albite,microcline replacing 
plagioclase in the Dacite-Rhyodacite, 
microcline completely replacing plag­
ioclase in Hyalo Rhyodacite-Hyalo 
Rhyolites, and carlsbad twinning in 
sanidine in Rhyolitic lava tuff and 
breccia 63
XV . Page
Plate 4.7.
Plate 5.1.
Plate 6.2.
Plate 6.3.
68
Photographs showing hour-glass 
structure in Augite, Olivine cry­
stals, altered olivine crystals in 
Upper Basic Series, and plagioclase 
altered to quartz, calcite and 
chlorite in Quartz Basalt-Quartz 
Dolerite
Photographs showing colloidal 
texture, aggregate containing early 
formed colloidal pyrite, chalcopyrite 
replacement, and zoning in pyrite 157
Photographs showing colloform text­
ure in pyrite, zoning, pyrite being 
replaced and chalcopyrite replace­
ment and chalcopyrite being replaced 
by chalcocite and covellite in 
sphalerite 160
Photographs showing chalcocite and 
covellite replacing galena, galena 
replacing pyrite and being replaced 
by chalcocite, chalcopyrite being 
replaced by chalcocite and quartz 171
Plate 6.4.
Plate 6.5, 
Plate 6 .6.
Plate 6o7.
Plate 6.8 .
Plate 6.9.
Plate 6.10. 
Plate 6.11.
Photographs showing chalcopyrite 
vein, chalcopyrite replacing pyrite, 
bornite, and idaite 174
Photographs showing enargite, real­
gar, chalcocite, and covellite 178
Sb, As, Pb, Cu, Fe and S X-ray
distribution photographs of
bournonite crystal 186
Sb and As X-ray distribution 
photographs of the magnified area 
in bournonite 188
Sb, As, Pb, Cu and S X-ray distri­
bution photographs of bournonite 
crystal found along galena cleavage 190
Magnified photograph of Plate 6 .8 . 
showing Sb and As X-ray distri­
bution photographs, and anisotropy 
in bournonite 191
Photographs showing tetrahedrite
and tennantite 194
As, Sb, Cu, Zn, Fe, and S X-ray 
distribution photogrqdis of 
tetrahedrite-tennantite crystal 196
xvi. Page
Plate 6.12. Sb, As, and Pb X-ray distribution 
photographs of boulangerite and 
geocronite crystals 198
Plate 6.13. Photographs showing anglesite,
barite and quartz 201
Plate 6.14. Photographs showing hematite and
dolomite 203
Plate 7.1. Photographs showing fluid in­
clusions in sphalerite, quartz 
and barite 212
CHAPTER ONE
INTRODUCTION
This research is based on a study of the mode of 
occurrence and the genesis of the Harsit-Kbprbbasi 
Copper-Lead-Zinc sulphide deposit, within the submarine 
volcanic environment of the Eastern Black Sea Region, and 
its comparison with other sulphide deposits occurring in 
the investigated area.
This thesis will deal mainly with the Harsit-Kbprbbasi 
Cu-Pb-Zn sulphide deposit and its relation to the associ­
ated submarine volcanic rocks, and its comparison with the 
Harkkoy polymetallic and Israil pyritic sulphide deposits 
also in the investigated area. For this purpose geologi­
cal mapping was carried out in the area on a scale of 
1:25,000 during the 1974-75-76 summer seasons. The mapped 
area covers more than 110 square kilometres. Besides 
the Harsit-Kbprbbasi deposit there are another two; one 
polymetallic, and the other of pyritic-sulphide, namely 
the Harkkoy and Israil deposits, respectively. In addition, 
several smaller pyritic-sulphide occurrences are present. 
During this study a more detailed additional geological 
mapping of the Harsit-Kbprbbasi deposit was undertaken 
at a scale of 1:2000. The Harsit-Kbprbbasi deposit is 
located within the Giresun province, between Giresun and 
Trabzon cities, and about 3 km to the east of the town 
of Tirebolu. The Black Sea coast is close by (Fig. l.l).
The deposit occurs within the central part of the "Eastern
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Fig. 1.1. Location of the Harsit-KDprübasi deposit.
Pontus Ore Province". The ore province includes, roughly, 
the area between Samsun and Batum (Russia) cities. It 
stretches for about 500 km from West to East and is ap­
proximately 70 km wide (north-south) (Fig. 2.1).
The Harsit-Kbprbbasi Cu-Pb-Zn sulphide deposit was 
formerly not regarded to be an economic prospect, therefore 
no really detailed work was carried out before 1970. 
However, between 1970 and 1976, 60 drill holes were sunk 
and a 1400 m. exploration gallery was opened. Pyritic 
and polymetallic sulphide deposits are widespread through­
out the Eastern Pontus Ore Province. There are 51 known, 
most of them are very small in size and occur between 
Espiye in the west and Gorele to the east on the Black Sea 
coast, and to the south of these towns within an area of 
about 1000 square km. (Fig. 1.2).
The Pontic Mountains, geologically known as the 
"Pontids", rise from the estuary of the River Sangorius 
(Sakarya Nehri) and extend eastwards along the Black Sea 
coast for over 1000 km. to the Antecaucasus. They were 
divided by Schultze-Uiestrum (l96l) into the Eastern and 
the Western major units, the dividing line being the River 
Halys (Kizilirmak) to the west of Samsun city. The 
Pontids form the coastal mountains of the Black Sea in 
the north, and are bordered by the Anatolian Plateau in 
the south. These abrupt coastal mountains, which are 
a great barrier between the Black Sea coast and Anatolia, 
are cut by three rivers, namely from west to east, the 
Kizilirmak, the Yesilirmak and the Coruh. The mountains 
are highest in the south east near the Russian border
ee
where Mount Kackar reaches an elevation of 3937 m.
The pattern of the sulphide deposits follows that 
of the Eastern Pontids towards the south. The Harsit- 
Kbprübasi deposit, which is almost on the Black Sea 
coast, has an elevation of 50 m. while the Israil deposit 
to the south-east is at an elevation of about 400 m.
Narrow ridges with a dominating NUi-SE trend have 
developed between the streams. They are well developed, 
especially in the west; Cal Tepe at an elevation of 699 m. 
forms the highest peak of these ridges. Hizirilyas 
(Camlibel) Tepe (502 m.). Top Tepe (553 m.), Yale Tepe 
(552 m.), Catalkaya (531 m.) and Dikcubuk Tepe (450 m.) 
are the other main hills to the south southwest. The 
Harsit Cayi erosion had more effect in the east and con­
sequently the elevation rarely exceeds 400 m. However, 
to the south southeast there are several hills at an 
elevation of more than 500 m.
Harsit Cayi is the main river of the investigated 
area. It flows in a deep valley of 400-500 m. width 
and approaches the sea in a 2 km wide delta. Besides 
the Harsit Cayi, Murtat Dere, Maden Dere, Yogurt Dere,
Yale Dere, Arageris Dere, Dolmacli Dere, Yilgin Dere and 
Kavraz Dere are the important rivers of the area.
The watercourses form a well developed dendritic 
pattern in the area. They originate in the mountains and 
then generally follow the tectonic lines of NE and Nil/ 
towards the Black Sea coast. Many small streams, however, 
flow towards the Harsit Cayi from the east and west.
Due to the high topographic relief and the high amount of
rainfall, the streams have a high velocity and erosion 
capacity.
There is a good asphalt highway paralleling the 
Eastern Black Sea coast. Because of the rugged topography 
the roads leading inland from the coast are few, and not 
as well maintained. Travel is possible by jeep on these 
rough earth roads.
Tirebolu town with it's population of 6100 is the 
largest habitation in the area. Like the other towns of 
the Eastern Black Sea Region (which are generally only 
separated by a couple of tens of km), Tirebolu is on the 
coastal highway. Harkkoy, Karaahmetli, Orenkaya, Demir- 
ciler, Avculu, Yukari Orta Cami, Arageris, Yaras, Doganci, 
Yale, Inkoy, Halacli and Koseler villages have only small 
populations.
Climate and Vegetation
The Eastern Black Sea coast is a distinct climatic 
region, being the most humid and rainy part of Turkey.
The mean annual rainfall increases eastwards and reaches
2 2 244 cm/m /yr. in Rize, as compared with 132 cm/m /yr.
at Giresun in the west. However, the interior of Anatolia 
has only 25 cm/m /yr. and is a region of summer drought. 
This striking difference between the northern and southern 
regions is caused by the Pontids which act as a windbreak 
for the northern winds which pass over the Black Sea 
picking up water vapour. This together with the meteoro­
logical depressions, which originate in Europe, are the 
main factors for the most abundant, regular and evenly 
distributed rainfall of Turkey. The greatest precipit­
ation occurs in the autumn, while in summer it is at its 
minimum. Snowfall is comparatively infrequent.
A maritime climate is dominant and the temperature 
is moderately warm. In August it is the warmest and 
coolest in February, with average temperatures of 20°C 
and 7°C, respectively (Tanriverdi, 1973).
Hazelnuts are the main agricultural product of the 
area, which are mostly grown below an elevation of 700 m. 
Also harvested are maize, tea and beans. Along the 
Eastern Black Sea coast the hazelnut plantations are con­
centrated to the west and the tea processing plants in 
the east. Fishing is an important industry of the area.
Rhododendron is widespread throughout the coast, 
frequently producing such dense vegetation that the areas 
covered are almost inaccessible. Beech, box and spruce, 
oak, chestnut and pine are very common trees. Diaspyros 
Lotus is cultivated as a tree crop. Beech is the dominant 
tree of the foothills.
The Eastern Black Sea coast is covered by a generally 
dense green vegetation comprising many species of shrubs 
and trees. "Colchis Flora" is the chief vegetation cov­
ering the coastal region, and is closely related to the 
coniferous forests of the caucacus (Tanriverdi, 1973).
The soils in the investigated area, like most soils 
of the Eastern Black Sea Region are generally undifferen­
tiated in mature mountain soils. The dark red coloured 
varieties originate from the Lower Basic Series rocks 
and the reddish white coloured ones from the acidic rock 
units. The latter were found to contain large amounts 
of montmorillonitic clays. The soils occur mainly in 
the central and eastern areas where the relief is relatively 
low.
8The high degree of weathering has made outcrops 
of fresh rock almost non-existent.
CHAPTER TWO
PREVIOUS WORK
2.1. History
The geological investigations of the Pontids began 
in the middle of the 19th Century and generally were based 
on the 1 : 100,000 scale topographic maps until I960,
In the late sixties and early seventies, the discovery 
of the sulphide deposits in the "Eastern Pontus Ore 
Province", which were once thought not to be economic, 
drew the attention of geologists to the area and as a 
result detailed geological maps of most known deposits 
were prepared.
In the late fifties detailed geological maps of the 
Israil pyritic and Harkkoy polymetallic sulphide deposits 
were prepared, and boreholes were put down above the 
mineralised areas. Galleries were open in both deposits 
to support these investigations. The results of the 
work did not show an economic prospect, about 150,000 
tonnes of pyritic sulphide ore from the Israil deposit 
containing very little copper; and the polymetallic 
sulphide deposit of Harkkoy was even smaller in size (less 
than 100,000 tonnes of ore). In 1972, both deposits 
were geologically mapped, along with surrounding areas, 
at the 1 ; 10,000 scale. However, in 1975-76 the Harkkoy 
deposit was mapped at 1 : 1,000 and the Israil deposit 
at 1 ; 2,000, Both deposits were included in the future
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drilling programme and four boreholes had been sunk by 
1976 at the Harkkoy deposit.
B.Alpay (1953) and C.Kieft (1955) are amongst the 
early workers of the Harsit-Kbprübasi Cu-Pb-Zn sulphide 
deposit. Both workers concluded that the deposit was 
not economic.
Tugal (1969) referred to the Harsit-KBprUbasl deposit 
as the Inkoy (Pb-Zn-Cu) Mine in his thesis, and gave a 
brief account of its paragenesis together with two electron 
probe micoranalyses of tetrahedrite.
The importance of the Harsit-Kbprübasi deposit was 
pointed out by Vujanovic (S.Pejatovic £jt 1970), and
he suggested a more detailed study should be carried out. 
Acar & Rencoviv (l970) prepared a 1 : 2,000 scale detailed 
geological map of the deposit and sunk a borehole. The 
outcome was very promising. Celik & Daloglu (1972) have 
prepared the geophysical (IP) investigation of the area.
The importance of the deposit was once more pointed out 
by the present author ((Ylahmut, 1973). During the period 
of 1970-1974, 60 boreholes were put down on a grid pattern 
above the mineralisation and a gallery opened.
2.2. Review of the qeotectonic evolution of Turkey
Turkey, or so-called Asia Minor, is located between 
the Alpine erogenic system and the Himalayan chain. The 
overall geotectonic evolution in the Alpine system is 
better understood by comparison with the Himalayan chain. 
Although Turkey is included in the Alpine system, and 
despite the intensive geological research in the last 
three decades, the geotectonic evolution of Turkey is still 
not clear.
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Turkey was first divided into two tectonic units, 
"Pontique" in the north, and "Tauran" in the south by 
Nauman (1896) and his subdivision was later developed by 
Argand (l924). The suggestion was that movement of 
Gondwanaland towards Eurasia was responsible for these 
mountain chains.
Kober (l93l) added a third unit to these two, by 
comparing the orogenic belt of Anatolia with the various 
units of the Alps. He called the third unit "intermediate 
massifs" and was located between the Pontique and the 
Tauran belts.
Turkey was divided into five tectonic units by Arni - 
(1939):
North Branch
1. The Pontids _ tu oSouth Brancn
2. The Anatolids
3. The Taurids
4. The Iranids
5. The Anatolian-Iranian Border Folds
He proposed this new division, which formed the 
basis for further classification by Blumenthal (1946), 
Egeran (1947) & Ketin (l966), after comparison of the area 
with West Iran, in his research in east and southeast 
Turkey.
Blumenthal (1946) accepted Arni's classification in 
principle, but separated the Palaeozoic or crystalline 
basement from the Mesozoic-Tertiary cover and added a 
new unit called "The Iraqids" between the Iranids and the 
Syrian-Arabian Block (Anatolian-Iranian Border Folds 
of Arni).
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Arni*s classification was supported by Egeran (1947), 
whose classification is based on the magnetic activity 
and métallogénie provinces. Egeran, however, increased 
the tectonic units to eight.
The geotectonic evolution of Turkey gained a new 
hypothesis with the recognition of the Steinmann Trinity 
(pillow lava-serpentine-radiolarite) in the form of 
"Ankara Melange" (Bailey & McCallien, 1950 and 1953). 
According to these authors, the Central Anatolian region 
was a "geosynclinal domain" and the thrusting of the Pontid 
rocks over the Taurids formed the present structure of 
the region.
Muratov (1954) explained the evolution of Turkey as 
a progressive event in time and space rather than consi­
dering units as separate entities. Disregarding the 
Précambrien, he recognises the whole Palaeozoic Era as 
the first of two periods in the geologic history of Turkey, 
and the Mesozoic and Senozoic Era (Alpine) as a second.
Horstink (l97l) discussed the Late Cretaceous and 
Tertiary geological evolution of Eastern Turkey in the 
light of recent theories of plate tectonics. He also 
gave a brief review of the eaily Mesozoic history of the 
area and differentiated five megatectonic units in the 
Mesozoic and Cenozoic development of Eastern Turkey.
These units, from north to south, are:
1. The Pontids
2. The Northern Tethys Ophiolite Nappe
3. The Anatolids
4. The Southern Tethys Ophiolite Nappe
5. The Arabian Platform
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Horstink pointed out that the Pontids form the 
megatectonic unit of Northern Turkey, and this does not 
contain ophiolites. However, he believes that the Pontids 
overlie the ophiolites generated in the Northern Tethys 
Ocean•
Brinkmann (l97l) divided Turkey, into six geotectonic 
units :
1. The oldest structural elements (Rhodope-Istranca 
and Kirsehir Massifs).
2. The Istanbul-Zonguldak fold zone of the 
Variscan (Late Palaeozoic) orogeny.
3. The Lias-Dogger trough, formed along the Pontids 
as the nucleus of the early Alpine geosyncline.
4. The middle Alpine structural elements, which 
are an orogene, generated from the folding of the 
central Anatolian radiolarite-ophiolite trough.
5. The Pontic and Tauric ranges which are normal 
orogenes and formed from the geocynclines on each 
side of the central Anatolian axial region.
6. The Neotectonic patterns, late Tertiary folds.
Brinkmann*s approach is interesting, however Ketin*s 
earlier classification is more simple and realistic.
Ketin (1965) divided Turkey into four tectonic units 
(Fig, 2.1);
1. The Pontids, which form the Black Sea coastal 
mountains, and the Marmara and Thrace regions.
2. The Anatolids mainly occupy the highlands 
of Anatolia.
3. The Taurids mainly occupy the south and east 
Anatolian mountain ranges (Tauric mountains) and
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the Bitlis massif.
4, The Border Folds which occupy the area of 
south-eastern Anatolian's youngest mountain 
ranges, between Anatolia and the Arabian massif.
He based his classification of the tectonic units on
their orogenic developments which had migrated from north 
to south. Ketin suggested that the Pontids developed
at the beginning of the Mesozoic Era as a result of
Caledonian and Hercynian movements while the other parts 
of Turkey were under water. The Anatolids developed at 
the end of the early Tertiary Period, the Taurids at the 
end of the Gligosene Period and the Border Folds during 
Pliocene times.
2.3. The Stratigraphy of the Eastern Pontids
The investigated area is included in the Eastern 
Pontids of Turkey which form the Eastern Black Sea coastal 
mountains. Its rocks in broad outline, dip northward 
and hence young in that direction.
The Black Sea region is part of the general Mediter­
ranean province, which represent crustal segments in which 
intense tectonic and magmatic processes occurred during 
the entire Phanerozoic. The Black Sea geosyncline existed 
during the Palaeozoic and Mesozoic eras. This geosyncline 
was continually shifting and it changed from miogeosyncline 
to eugeosyncline, from the Palaeozoic to the Mesozoic.
During the Cenozoic the final stage was reached. A 
pronounced tectonic phase at the end of the Eocene resulted 
in the formation of the Pontian mountain chain. The 
Black Sea region was now in the final stages of its tectonic 
evolution. Volcanic activity stopped and the young
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sediments lay flat and undisturbed at the bottom of 
the sea (Brinkmann, 1974).
Volcanic activity in the Eastern Pontids begins 
in the Liassic; formations of transgressive conglomerate 
and concretionary limestone are the sedimentary facies 
associated with the spilitic agglomerate series in the 
Giresun area (Schultze-lUestrum, 1961). Basaltic narrow 
dykes, plugs and lavas represent this volcanic activity 
in the Gumushane area (Tokel, 1973).
Extensive volcanic activity continued until the 
Tertiary throughout the Eastern Pontids. These volcanics 
are exposed along the coast of the Black Sea together 
with associated sedimentary rocks. A generalised strati­
graphie column for the whole Eastern Pontids is explained 
below.
This column has been based on the following authors* 
works: Kovenko (1943), Ketin (l95l), Schultze-UJestrum
(1960, 1961, 1962), Gattinger ^t eüU (1962, 1963),
Kraeff (1963a, 1963b), Tugal (1969), Tokel (1973),
Yilmaz (1973), and Akinci (1974).
11. Alluvium
10. Sea and River Terraces
9. Young Basic Series and Dykes
8. The Tertiary Intrusives
7. Dacite 111
6. Upper Basic Series
5. Dacitic Series 
c. Dacite 11
b. Dacitic-Rhyolitic tuffs
a. Dacite 1 (Ore-bearing dacite)
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4, Lower Basic Series
3. Jurassic Conglomerates and Spilites 
2, Palaeozoic Intrusives and Sediments
1. Crystalline Basement
2.3.1. Crystalline Basement
The Crystalline Basement is composed of Glaucophane 
greenschist facies (Kaaden, 1956) of sericitic and biotitic 
schists, gneisses and quartzites; and is believed to be 
Palaeozoic or older in age, with an average thickness of 
about 700-800 m . At only one place Permian sediments
rest on the Crystalline Basement rocks, and are exposed 
in Gumushane area. The 2000 m. thick, non-metamorphic, 
fossiliferous series, consist of arkosoic sandstones and 
quartzites at the base and limestones in the upper part 
(Ketin, 1951). A pétrographie similarity between the 
crystalline basement and the overlying Permian rocks has 
led Gattinger ejb al^ . (1963) to suggest that they may be 
of the same period.
2.3.2. Palaeozoic Intrusives and Sediments
The granitic complex of Hercynian age varies petro- 
logically from adamellite to granodiorite (Tokel, 1973). 
It's age was determined by Cogullu (l970) as 300 million 
years. Pebbles of the palaeozoic intrusives occur in 
the Lower Jurassic conglomerates, which were deposited 
in the major Liassic transgression.
2.3.3. Jurassic Conglomerates and Spilites
The Lower Jurassic Volcanics are a spilitic series 
of tuffs, with doleritic basalts and quartz keratophyres 
(termed the bottom volcanics by Tugal, 1969).
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In Gumushane these volcanics are represented by narrow 
dykes, plugs and lavas of Liassic age (Tokel, 1973 & 
Yilmaz, 1973). The Lower Jurassic volcanics are inc­
luded in the Lower Basic Series by several workers.
2.3.4. Lower Basic Series
The Lower Basic Series, consists of variety of basic 
and intermediate volcanics and pyroclastics. It began 
in the Lower Jurassic, continuing into the base of the 
Upper Cretaceous. Around Giresun these rocks were des­
cribed by Shultze-UUestrum (l96l) as andésite, diabase 
spilite, tholeiite basalt, doleritic and amygdoloidal 
basalt and agglomerates, and are interbedded with massive 
limestones of Malm-Lower Cretaceous and tuffaceous marl- 
limestone series and Hippuritic limestone of the Upper 
Cretaceous. According to Kraeff (l953a, 1953b), they 
consist of a sodium-rich keratophyre spilite with tuffs 
and agglomerates, attaining a thickness of about 500 m . 
in the Sirya-Ardanic region and Murgul area. In the 
investigated area this series is the oldest stratigraphie 
unit. Although in the nearby Lahanos Mine area this 
series is characterised by basic as well as intermediate 
varieties (Tugal, 1959), in the Harsit-Küprübasi area of 
this study only intermediate varieties of quartz andesitic 
basalt and quartz basaltic andésite were described.
2.3.5. Dacitic Series
2.3.5a. Dacite I (ore-bearing dacite)
Dacite I has attracted special attention because of 
the relation to the occurrences of sulphide deposits. 
Almost all polymetallic and pyritic sulphide deposits of
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the Eastern Pontus Ore Province were located either in 
the Dacite I or at the contact of Dacite I with the 
overlying dacitic tuffs and sediments. Several workers 
called it "ore-bearing dacite". In the Murgul copper 
mine area Kraeff (l963b) divided the dacite I into three 
subdivisions, according to their field occurrence;
(i) fresh dacite, (ii) partly silicified dacite, (iii) 
totally silicified dacite. In the investigated area 
Dacite I is described as Dacite-Rhyodacite and is kaolin- 
ised as well as silicified, therefore such subdivisions 
are not recognized. Mainly red, Inoceramus limestones 
interbedded with the Dacite I have been described by 
Schultze-UJestrum (l95l) from the Giresun region. The 
interbedded red limestone samples of the present study 
do not contain Inoceramus, but only Globotruncana species.
2.3.5b. Dacitic-Rhyolitic tuffs
The dacitic tuffs are intercalated with fossiliferous 
limestones and marls and overlie the Dacite I in the 
Lahanos Mine (Tugal, 1969) and in the Akkoy Mine (Akinci, 
1974) areas. In the investigated area these tuffs are 
overlying the Harsit-KbprUbasi and Harkkoy deposits and 
are andesitic and dacitic with fine-grained quartz crystals; 
but in the southwest of the area, they show a dacitic 
character with medium-grained quartz crystals and alter­
nate with limestones. These limestones are very rich 
in microfossils.
2.3.5c. Dacite II
Dacite II is described in detail in the Murgul mine 
while it is not developed in the investigated area. An
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unconformity has been described between Dacite I and 
Dacite II (Kraeff, 1953b). Despite the varying colours 
of Murgul mine a purple colour was described from the nearby 
Gorele area (Akinci, 1969) for Dacite II.
2.3.6 Upper Basic Series
The Upper Basic Series is mainly basaltic in charac­
ter but is a very heterogenous formation attaining a 
thickness of 1000 m . in places, and is widespread through­
out the Eastern Pontids. Corresponding dateable sedi­
ments are the Upper Cretaceous tuffaceous limestone-marl 
series, and Eocene Nummulitic limestones. In the Gumushane 
area olivine dolerite sills and plugs are described by 
Yilmaz (1973) and Tokel (1973). Spilites, basalts, 
keratophyres and andésites represent the Upper Basic Series 
along the Aksu stream valley in Giresun (Schultze-Uiestrum, 
1961). This series is represented by basaltic agglomer­
ates in the investigated area.
2.3.7. Dacite III
Dacite III (Kraeff 1963b) has been assigned different 
names by different authors. Lahanos tepe dasiti: 
Quartz-biotite-feldspar porphyry: Intrusive dacite, 
Hypabyssal dacite. It is not developed in the mapped 
area but is well represented in the nearby Lahanos Mine 
area (Tugal, 1969). It has an intrusive as well as 
extrusive and dyke characters.
2.3.8 The Tertiary Intrusives
The Tertiary Intrusives are described as tonalité, 
granite and granodiorite from the Rize-Murgul region.
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by Kraeff (l963b) and Altinli (l970), and as granodiorite, 
quartzdiorite granodiorite porphyry, quartz-albitite and 
lamprophyre dykes from the Ordu-Giresun region by 
Schultze-UJestrum (l95l),
2.3.9. Young Basic Series and Dykes
The Young Basic Series and dykes of Bligocene-IYliocene 
age are mainly basaltic in character. Basaltic agglo­
merates, tuffs, quartz trachyte, trachyandesite, leucitite, 
tephrite, olivine-leucitite, olivine-basalt from Giresun 
region (Schultze-UJestrum, 1961), partly albitized andésites, 
basalt and spilite with porphyries and diabase from the 
Sirya-Ardanuc area (Kraeff, 1963a), and andésite and 
dacite from the Gumushane area (Tugal 1973, Yilmaz 1973) 
have been described. Quartz basaltic-quartz doleritic 
dykes and plugs are the representative members of this 
series in the investigated area.
2.3.10. Sea and River Terraces
Sea and River Terraces are widespread throughout the 
Eastern Pontids.
2.3.11. Alluvium
Alluvium is the youngest strata found along the river 
beds of the Eastern Pontids.
2.4. Magmatic Activity
The rock distribution of the Eastern Pontids is 
roughly as follows: Volcanic rocks 6Ü%, intrusive rocks
25^ and sedimentary rocks 15%.
More magmatic activity has been observed in the 
Pontids than any other tectonic unit of Turkey.
22
Schultze-Uiestrum (1962) defined the magmatic events at 
the Eastern Pontids as cyclic, and claims that three 
different types could be distinguished.
i) The first cycle which commences in the Jurassic 
and continues to the Upper Cretaceous (Senonian) is re­
presented by tholeiite basalts, spilites, soda keratophyres, 
andésites and dacites.
ii) The second cycle, from and including the Upper 
Cretaceous (Senonian) to the Tertiary (Nummulitic), is 
similar to the first cycle with the exception that 
albite-rich granodiorite has taken the place of the 
albite - dacite of the first cycle.
iii) The third cycle which commences in the Oligocene- 
lYliocene is represented by olivine basalt, trachy-andesite, 
leucite-tephrite and subordinate quartz-trachyte. The
third cycle is distinguished chemically from the other 
two by the presence of olivine and deficiency of soda.
Although the basic varieties of the Lower Basic 
Series are not present, Schultze-UJestrum * s first cycle 
is well represented within the investigated area of this 
study which starts with the Lower Basic Series and 
continues to the bottom of the second cycle. Despite 
the fact that the olivine is not regarded as a significant 
component by Schultze-UJestrum, in the second cycle, recent 
studies demonstrate that the Upper Basic Series, which 
represent the bottom of the second cycle, is olivine-rich 
in the Gumushane region (Tokel, 1973 and Yilmaz, 1973) 
and in the map area of the present study.
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The Tertiary andesitic and dasitic volcanics of 
Gumushane area (Tokel, 1973 and Yilmaz, 1973) could fill 
the gap as acidic members of Schultze-lUest rum * s third 
cycle.
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CHAPTER THREE
FIELD WORK
3.1. Introduction
For the present investigation of the Harsit-KbprUbasi 
Copper-Lead-Zinc sulphide deposit, a good deal of geolo­
gical mapping was carried out. This mapping covers more 
than 110 sq. km and is extended in such directions as to 
contain another two deposits and as many different rock 
units as possible. Rock sampling of all the rock units 
was undertaken for geochemical and pétrographie studies.
In 1974 the mapping was extended to the east southeast 
to include the Harkkoy and Israil deposits. In spite 
of this extension no Upper Basic Series rocks were found, 
therefore an extension further east was made in 1975, so 
that these later series could be included in the geolo­
gical mapping.
Although the Harkkoy and Israil deposits are included 
in the studied area, most of the samples concerning the 
mineralisation were collected from the boreholes and the 
gallery of the Harsit-KbprUbasi deposit (there was only 
a very limited outcrop of the orebody). For comparison 
with the Harsit-KbprUbasi deposit, in addition to surface 
sampling of Harkkoy and Israil deposits in 1974 and 1975, 
more samples were collected in 1976 from the boreholes 
of Harkkoy deposit. 180 rock samples representing the 
rock units of the mapped area and 160 ore samples were 
collected. 180 thin sections, 60 polished thin sections
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and 100 polished sections have been studied altogether. 
Although alteration is widespread throughout the area 
most of the pyroxenes and feldspars, together with some 
other minerals were found to be marginally affected by 
this. Fresh olivine was only found in the Upper Basic 
Series.
3.2. Geological Succession
The following units were mapped in the investigated
area:
12. Alluvial deposits
11. Terraces
10. Quartz Basalt - Quartz Dolerite
9. Upper Basic Series
8. Tuffaceous Sedimentary Series
7. Rhyolitic lava, tuff and breccia
6. Hyalo-Rhyodacite - Hyalo-Rhyelites
5. Hyalo-Quartz Albitophyre
4. Dacite - Rhyodacite
3. Dacitic Rhyodacitic pyroclastics
2. Quartz Andésite - Quartz Trachyandesite 
1. Lower Basic Series
3.2.1. Lower Basic Series
This series forms the basement of the mapped area. 
Although it is generally understood that its age varies 
from Lower Jurassic to the base of the Upper Cretaceous, 
no limestone intercalations were found to confirm this.
Tugal (1969) described its age as possible Malm - Lower 
Cretaceous from the nearby Lahanos area and Schultze-Uiestrum
(i960) has reported limestone intercalations at the bottom
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of this series.
This series has been determined as quartz andesitic 
basalt and quartz basaltic andésite from the specimens 
collected, during the present investigation. The quartz 
andesitic basalts are present throughout most of the 
mapped area, but occur mainly in the southwest. In a 
few locations near the top of the contact with the 
Dacite -- Rhyodacite or Dacitic Rhyodacitic pyraclastics, 
these Lower Basic Series rocks consist of quartz basaltic 
andésites. In a few places in the southwest in the 
mapped area Lower Basic agglomerates are overlain by quartz 
basaltic andésite lavas. To the south of Yaras village 
(Fig. 3.1, I 9) these dark coloured lavas are present 
on top of the agglomerates attaining a thickness of 25-30 m 
The lavas are overlain by Dacite - Rhyodacite. The 
alteration product of Lower Basic Series around Halacli. 
and Karaahmetli villages (Fig. 3.1, I 10) is a reddish 
soil. In the south of Orenkaya village (Fig. 3.1, 0 8) 
these series consist of tuffs, whilst in the rest of the 
area, agglomerates are present.
The Lower Basic Series extends from the north of the 
Harkkoy village in the east, to Arageris village in the 
southwest in a belt and divides the mapped area into 
north and south. It is overlain by Dacitic - Rhyodacitic 
rocks in both regions. Inliers of the series are seen 
in the east of the Halkalava lYlah. (Fig. 3.1, K 3), 
around Imrahli lYlah. (Fig. 3.1, H 6), in the south of 
Yilgin lYlah. (Fig. 3.1, C 6), in the upper half of Inkoy
* indicates the grid lines on the geological map
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Fig, 3.1, Geological map of the Giresun-Tirebolu area.
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dere (Fig. 3.1, G 5), and around Gelibolu Hflah. (E 4) 
where the Gelibolu Dere reaches the coast. The series 
generally dips northeast. Around Orenkaya (j 7) in 
the east bank of the Harsit Cayi, overlying Dacitic - 
Rhyodacitic pyroclastics have a similar dip (lG0/l7N) 
with the series.
3.2.2. Quartz Andesite-Quartz Trachyandesite
These rocks are represented by dykes cutting the 
Lower Basic Series and the collected specimens during the 
present investigation have been determined as quartz 
andesite-quartz trachyandesite, because of their high 
SiOg content. They were previously described by the 
author as andesite-trachyandesite due to their optical 
characteristics ([Ylahmut, 1973).
The unit is represented by a quartz andésite in the 
southwest and in the south with rather large outcrops, 
whilst in the north small outcrops of quartz trachyandesite 
occur. They show pentagonal columns; the quartz andésite 
columns are 35-50 cm in diameter, and up to 50 m. in length 
(Plate 3.1). The largest outcrop of quartz andésite in 
the north-west of Yaras village (B 8, B 9) is best observed 
in the watercourses of Yaras Dere and Arageris Dere.
The quartz andésite is also seen in the southeast of 
Yaras villate (D 9) and around Devecikboynu lYlah. (l ll).
In the west and in the east of Tirebolu (E 3, F 3, G 3) 
a younger purple-coloured quartz trachyandesite dyke cuts 
a green coloured one (Plate 3.2).
3.2.3. Dacitic-Rhvodacitic Pyroclastics
This unit is widespread throughout the mapped area, 
but it is not always mappable, because of lack of outcrop.
i a i s
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Plate 3.1. Quartz Andésite columns.
3.2. Purple coloured Quartz Trachyandesite dyke cuts 
a green colour one.
3.3. Altered Dacite-Rhyodacite grades upwards into 
unaltered Dacite-Rhyodacite.
3.4. Dacite-Rhyodacite columns.
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and the undifferentiated character with the overlying 
Dacite-Rhyodacite. Around Orenkaya (j 7) in the east 
bank of the Harsit Cayi watercourse, there are Dacitic - 
Rhyodacitic pyroclastics overlying the Lower Basic Series, 
and are overlain by a Rhyolitic lava, tuff and breccia 
further north. In the southwest, west of Arageris 
village (A 9) these pyroclastics, which are extensively 
altered to bentonite, overlie the Lower Basic Series and 
are overlain by Tuffaceous Sedimentary Series. In these 
pyroclastics two blocks of dark coloured volcanic glass 
were found, and the thin sections of this glass revealed 
that plagioclase, quartz, biotite and iron ore are present. 
In the east of the area around Candirli lYlah. (L 5) these 
pyroclastics show the same bentonitic alteration, and 
are overlain by a Rhyolitic lava, tuff and breccia.
In the northwest of mapped area, between Takirli 
Mah, Kurtkoy lYlah, and Gelibolu (Ylah, lies the largest 
outcrop of this unit (G 4). A possible northwest fault 
is the boundary between this outcrop and Rhyolitic lava, 
tuff and breccia in the northeast, . while Dacite-Rhyodacite 
are overlying it in the south. In the southeast the 
area around lYladen lYlah, (lYl 13, lYl 14), the mineralised 
Dacite - Rhyodacite of Israil lYladen overlies the pyro­
clastics in the west of the (Ylurtat Dere watercourse.
3.2.4. Dacite - Rhyodacite
The so-called Dacite I or 'Ore-bearing dacite', 
according to the early workers in the Eastern Pontus Ore 
Province, is the most important rock unit as far as ore
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occurrence is concerned. In the investigated area, the 
Harsit-KbprUbasi and Harkkoy polymetallic sulphide, and 
Israil pyritic sulphide deposits and several small deposits 
occur within this unit. It has two large outcrops; one 
in the north northwest and the other in the south southeast 
of the mapped area, and they are separated by the Lower 
Basic Series belt.
Due to alteration, especially kaolinization, the rock 
appears white, but the less altered ones, are of green 
and purplish colours. To the east of Kavraz lYlah. (G 7) 
and between Imrahanli Mah. and Kozluoglu lYlah. (H 5), where 
this unit overlays the Dacitic - Rhyodacitic pyroclastics, 
the base shows the altered green colour for about 10-15 m.
It then grades upwards into the purplish colour of unaltered 
rocks (Plate 3.3). The green colour of altered Dacite - 
Rhyodacites, is more apparent around Gobelli Mah. (I 8) 
where they overlay the Lower Basic Series and attain a 
thickness of about 25-30 m. On top they are covered with 
several tens of metres of purple-coloured unaltered rocks. 
These Dacite - Rhyodacite rocks reach several hundreds 
of metres above the Lower Basic Series in the south south-west 
of the mapped area, and cover the hills such as Gal Tepe 
(G 8), Yale Tepe (E 8) and Hizirilyas Tepe (F 7). Dykes 
of Dacite - Rhyodacite are found predominantly in the 
south of the map area, in the west bank of the Harsit Cayi 
with N120/82I\IE strike and dip, but they also occur to some 
extent in the north-west. These dykes are purple and 
green in colour, 2-3 m. wide, and show columnar jointing, 
with columns 10-20 cm in diameter (Plate 3.4).
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At the Harkkoy deposit, veins of stockwork ore are 
found within the purple as well as white coloured rocks, 
while at the Harsit-KbprUbasi and Israil deposits, these 
host rocks are white. XRD determination of the rocks 
above and beneath the Harsit-KbprUbasi deposit show 
alteration to kaolinite and illite. At the Harkkoy 
deposit calcite is also found alongside the other alter­
ation products. A large completely kaolinised outcrop 
is found around the Yar lYladen (L 12). Silicification, 
kaolinization, sericitization and carbonitization especi­
ally around the mineralised areas are the main alteration 
processes.
Dacite - Rhyodacite rocks, like the other rocks of 
the investigated area, are dipping north and attain a 
thickness of about 400 m. The thickest outcrop has been 
observed in the Israil (Yladen, where these rocks overlying 
the Dacitic - Rhyodacitic pyroclastics in the lYlurtat dere 
watercourse (lYI 13) at 125 m. altitude, reach 500 m. altitude 
The H 15 drill hole in the Harsit-KbprUbasi deposit, reaches 
a depth of more than 346 m. without bottoming this unit.
In the south-east corner of the mapped area (lYI 14) 
and around Yar lYladen (L 13), red limestone intercalations 
are found within this unit. The thicknesses of the 
limestones are several metres, and they contain: 
Globotruncana tricarinata (Quereau)
Globotruncana linniana (d'Orbigny)
Globotruncana concavata (Brotzen)
Globtruncana ventricosa WHITE
These fossils suggest a Santonian (possibly Santonian - 
Lower Campanian) age.
* Fossils determined in the lYITA Palaeontology Laboratories
33
3.2^5. Hyalo-quartz albitophyre
These rocks are only exposed in one area, in the 
north-west of the Israil lYIaden (L 13, lYl 13) and are sur­
rounded by Dacite - Rhyodacite rocks. Their readily 
apparent characteristic is a fine columnar jointing (5-5 cm 
diameter). They show kaolinization and silicification 
alteration processes.
3.2v6. Hyalo Rhvodacite-Hyalo Rhyolite
This unit is mainly exposed in the north north-east, 
but an outcrop also has been found in the south-east of 
the mapped area. The rocks usually cover the hills such 
as Kuskaya T . (I 5, 3 5) and show columnar joints, about 
10-15 cm in diameter.
3.2.7. Rhyolitic lava, tuff and breccia
The largest outcrop of these volcanics exposed in 
the north of the investigated area, around the Harsit- 
Kbprübasi deposit, shows intensive montmorillonitization 
throughout the outcrop. The inliers that are found to 
the south of this outcrop do not show any alteration.
They are overlying the Dacite - Rhyodacite around the 
Harsit-Küprübasi deposits (I 3), while in the east of 
Demirciler village (K 3) they are overlying the Lower 
Basic Series. Hyalo Rhyolite is an inlier in these vol­
canics around Kuskaya T. (I 5, 3 5). In the south of 
Orenkaya village in the east bank of Harsit Cayi (3 9) 
a 1.5-2 m. wide dyke of this series cuts the Lower Basic 
Series, and forms the Kale Tepe. Another three inliers 
of this series have been found north-west of Kale Tepe,
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and the last one forms Catalkaya (G 5 - H 5). These 
four outcrops show a north-west trend.
These volcanics begin with an agglomerate, breccia 
and grade upwards into the tuff and lava. Around Tirebolu 
(F 3) and in the north-east of the Harsit-Kbprübasi deposit 
(l 3) tuffs are found on top of breccia. An approximate 
250 m. thickness has been estimated.
3.^.8. Tuffaceous Sedimentary Series
Although compared with the other units of the invest­
igated area only relatively small outcrops are exposed, 
this Sedimentary Series is the second most important rock 
unit (after the Dacite - Rhyodacite) in the mapped area. 
This is because it acts as cover rock to the two polymetal­
lic sulphide deposits which occur within the Dacite - 
Rhyodacite. The series consist of limestone, tuffaceous 
sandstone, radiolarite and pelite and attains a thickness 
of about 200 m. in the area studied. It was described 
as "Inoceramus limestone and tuffite" attaining 400 m. 
thickness by Schultze-U/estrum (i960).
The largest outcrop of the Sedimentary Series is 
exposed in the east of the investigated area, and is 
overlying the Dacitic - Rhyolitic pyroclastics and the 
Rhyolotic lava, tuff and breccia. It is overlain by the 
Upper Basic Series. In the south-west corner of the 
mapped area, to the west of Arageris village (A 8, A 9) 
the series overlies the altered Dacitic - Rhyodacitic 
pyroclastics and consists of an alternating limestone 
and dacitic tuff sequence attaining a thickness of 200 m.
In the Ladif Dere watercourse this series is observed
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with N45/15-25N strike and dip. Above the Harkkoy 
deposit (lYl 9) it consists of altered tuffs and red lime­
stones; and above the Harsit-KBprUbasi deposit (I 3) 
altered tuffs and sandstones are more abundant than radio­
larite and limestones. The limestone of the Tuffaceous 
Sedimentary Series contain;
Globotruncana tricarinata (Quereau)
Globotruncana area (Cushman)
Globotruncana cf. fornicata Plummer
Globotruncana cf. ventricosa WHITE 
Globotruncana elevata (Brotzen)
Globotruncana stuarti (De Lapparent)
Globotruncana conica WHITE
Gumbelina sp.
Globiqerina sp.
These microfossils suggest an Upper Senonian (possibly 
Campanian-IYlaestrichtian) age.
3.2.9. Upper Basic Series
The only outcrop of this series is found in the east 
of the mapped area, around Ciritli lYlah. (lYI 3, lYl 4, lYl 5, 
lYl 6). It is overlying the Tuffaceous Sedimentary Series. 
In the north-east corner of the map, the rocks overlie 
the Rhyolitic lava, tuff and breccias with very small 
mappable outcrops. These outcrops are small expressions 
of a unit which covers a large area in the eastern part 
of the map. The series consists mainly of agglomerate 
with large augite and olivine crystals. (The size of 
these crystals is around 5 mm). Although both minerals 
especially the augites, are found in the other basic units 
of the area, they are most abundant and obvious here.
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The agglomeratic fragments are 15-30 cm in diameter and 
in some places small tuff intercalations are seen.
3.2.10. Quartz Basalt-Quartz Dolerite
The plugs and dykes of this unit represent the youngest 
volcanism in the mapped area. They were described as 
Basalt-Dolerite in the previous study (lYlahmut, 1973), but 
due to their high amount of normative quartz, the author 
now prefers the description Quartz Basalt - Quartz Dolerite.
The dykes of this unit are found cutting the older 
rocks throughout the area, with north-west - south-east 
and north-east - south-west trends. They are 2to 20 m . 
wide and in some places can be followed several hundreds 
of metres along the strike. To the south (K 9) and to 
the north (K 7) of Orenkaya village, two hills are composed 
of Quartz Basalt plugs. These basic rocks show columnar 
joints with columns of up to 50 cm in diameter. On the 
east bank of the Harsit Cayi near Demirciler village (I 4) 
and to the south of the Harsit-KBprUbasi deposit (H 3) 
the rocks cut the Rhyolitic lava, tuff and breccia and the 
Tuffaceous Sedimentary Series. Alteration of these rocks 
are more apparent at their contacts with the older rocks; 
the cores of the dykes are always fresher than the edges. 
Carbonatization and uralitization are the main alteration 
processes which have occurred; limonitization and 
chloritization are also common.
3 .2 .1 1 . Terraces (marine and river)
In the north-west of the investigated area, around 
Doganci village (A 7, A 8) river terraces are found at 
between 0-50 m. altitude, and in the north around the
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Harsit-KBprübasi deposit at between 35-50 m, altitude.
The marine terraces which are exposed near Demirciler 
village (O 3) are found only several metres in altitude. 
Younger terraces are found in the banks of the Harsit Cayi. 
The river terraces consist of rounded pebbles in a loose 
cement of sand and silt. The pebbles of marine terraces 
are rounded-oval and are very poorly cemented.
3.2.12. Alluvial deposits.
These are the youngest strata of the investigated 
area and are most abundant in the Harsit Cayi.
3.3. Structural Geology
The distinct tectonic unit of the Eastern Pontids, 
whose rocks have general northerly dip and hence young 
in this direction, have long been thought to represent 
two different tectonic styles by two groups of workers.
a) Staub (1924), Blumenthal(1946), Pinar &
Lahn (1954), and Ketin (1959, 1966) believed 
that the Pontids are in the form of a folded 
mountain chain which this tectonic development 
was originated from the Alpine Orogeny.
b) According to Oswald (1912), Schultze-lUestrum
(1961), Zankl (l96l), Kraeff (l963a, 1963b),
and Kronberg (l970) the Pontids has a similar 
tectonic style with the Hartz Mountain ranges 
which represent Germano-type faulted blocks.
However, the work carried out in the region over the 
last 15-20 years shows that the Eastern Pontids do not 
represent a typically Alpine orogeny in the form of a 
folded mountain chain. Certain synclines and anticlines
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with E-UJ and I\1E-SU/ axial trends have been reported from 
the Surmene district. Folds having NE-SUl trend are found 
in the Cayeli area within the Lower Dacitic Series (Cagatay, 
1977). Gentle folding with axial trends of NE-SUJ, and 
NE plunges is found in the Hopa-IYlurgul region. Gentle 
folding is a common feature of the Eastern Pontids, and 
is not at all similar to the nappes and overthrusts of 
the classic Alpine type.
The Eastern Pontids have a germano-type, faulted-block 
(horsts and grabens) tectonic style, with the fault tect­
onic predominating (Kronberg, 1970). The fracture pattern 
of the coastal region between Ordu and Trabzon cities 
has been studied using aerial photographs by Kronberg 
(l970); he found that there are two dominant trends,
NIU-SE (120°-130°) and NE-SUJ (50°-60°) (Fig. 3.2). His 
maps show the area of the present study to have a very 
pronounced Nlli-SE trend.
The recent work of Japanese geologists has revealed 
dome structures within the Eastern Black Sea region. A 
large dome was mapped by Sawamura and Yilmaz (l97l) in 
the Surmene district. The presence of several dome 
structures having Nlli-SE trends has been postulated by 
Sawa e_t al. (1972) in the Hopa-IYlurgul region. Schultze- 
lliestrum (l96l) reported present day tectonic activity 
within the investigated area, and according to Tokel (1973) 
the tectonic movements which formed the block-faulting 
and dome structures, started in the Liassic and continued 
throughout the Alpine Orogeny, to the present day.
However, one discontinuity which caused the unconformity 
between the Dacitic Series and Upper Basic Series is
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present in the Surmene and Cayeli districts (Cagatay,
1977).
The faults of the Cayeli area, generally developed 
in NE-Slli and Nlli-SE trends. The former predominating, 
and affecting almost all the formations (Cagatay, 1977).
In the Hopa-IYlurgul region the faults have NUi-SE, NE-Slli,
N-S and E-lii trends (Kraeff, 1963b).
The rock units of the investigated area are generally 
unfolded, and dip towards north. The tuffaceous Sedi­
mentary Series above the Harsit-Kbprübasi and Harkkoy 
deposits has seen to be gently folded into anticlines and 
synclines with NE-SUi and Nlli-SE axial trends (Plate 3.5).
As a result of the large amount of tectonic activity 
in the region, a series of faults with varying trends 
are found cutting all rock units of the area. The dense 
vegetation, intense weathering, and alteration of the 
rocks had made it difficult to trace these faults for 
great distances. Most were only seen in a few locations, 
and were subsequently mapped on the basis of geological 
interpretation of field evidence. Detailed geological 
mapping of the Harsit-Kbprlibasi deposit revealed that the 
faults around the deposit are relatively small in size.
In each fault, line does not exceed a few tens of metres 
and the throw is less than a couple of metres.
Throughout the area, the faults have the following 
trends:
NE-Slli
Nlli-Slli
E-IU
N-S
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Plate 3.5. Anticlines and synclines with NE-SUJ and NUJ-5E 
axial trends.
3.6. Post mineralisation fault cuts the mineralised 
Dacite-Rhyodacite.
3.7. Mineralised faults at the Harsit-Küprübasi deposit
3.8. Barite fault at the Harsit-KbprUbasi deposit.
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The latter two are not very common. The NE-Slli 
(40 -60 ) and Nlli-SE (120°-140°) are the two dominating 
trends. The Nlli-SE trending faults were commonly found 
to displace the NE-Slli faults, A post-mineralisation 
fault striking 105° (dipping 80° to the SUi) was found 
cutting the mineralised Dacite - Rhyodacite rocks in the 
Harsit-Küprübasi deposit (Plate 3.6). However, NE-Slli 
trending faults were also found to displace the Nlli-SE 
trending faults on occasion and therefore the age relation 
between these two main trends is not clear.
Oointing was very well developed in the Dacite - 
Rhyodacite and even more so in the Tuffaceous Sedimentary 
Series, at the Harsit-Kbprübasi and Harkkoy deposits.
These joints were systematically measured for later analy­
sis of the fracture pattern of the two deposits. The 
contour diagrams prepared from the 325 measurements on 
the joints are presented in Figs. 3.3 & 3.4. 150 of
these measurements are from the Harsit-Kbprübasi, and 
the remaining 175 are from the Harkkoy deposit. Most 
of the investigated area is included in Kronberg's (l970) 
figure which was carried out on a structural analysis 
of the fracture pattern on a regional scale via aerial 
photographs. The Harsit-Kbprübasi deposit however, is 
2 km away to the north of this map. Despite this the 
Harsit-Kbprübasi deposit joint measurements may be compared 
with Kronberg's results, together with the Harkkoy deposit 
measurements which were included in his map.
As seen from the contour diagrams, joints with Nlli-SE 
and NE-Slli trends are the dominant ones in both deposits.
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Fig. 3,3. Contour diagram of the Harsit-KBprUbasi deposit.
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Fig. 3.4. Contour diagram of the HarkkBy deposit,
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At Harkkoy almost all of the joints are dipping north­
wards, regardless of their strike. The three dominating 
trends are 120°, 40° and 25°. In the Harsit-KBprUbasi 
deposit the joints with a 50° strike are also common.
Fifty is the common NE-SUJ trend in the Harsit-KUprUbasi 
deposit, but the NUJ-SE trends of 120° and 150° occur with 
equal frequency. The dominant trends of the measured 
joints are similar to Kronberg*s (l970) regional aerial 
fracture pattern on the whole. However, when the mapped 
area only is taken into consideration, the dominating 
NE-SUU trend of the Harsit-KBprUbasi and Harkkoy deposits 
do not appear in Kronberg*s analysis.
Dacite - Rhyodacite and Hyalo Rhyolite dykes have 
a NUJ-SE (120°) trend, while the late Quartz Basalt-Quartz 
Dolerite dykes are found to have NE-SUJ trends as well as 
NUJ-SE ones. Therefore, it is likely that the dykes of 
the latter trend were emplaced along pre-existing joints 
in the rocks, as was suggested by Akinci (1974).
GUmUs (1974) believed that the mineralisation at the 
Eastern Pontus ore province is controlled by the frac­
tures of NUJ-SE and shows a normal zonation from the 
granodiorite at the south to the Black Sea coast at the 
north. This zonation is represented by Fe zone (Fidilli 
deposit), Cu zone (Eseli deposit), Zn-Cu zone Harkkoy 
deposit) and Pb-Zn zone (Harsit-KBprUbasi deposit) from 
south to north (Fig. 3.5). He suggested that the temp­
erature of these deposits decrease with increasing distant 
from the granodiorite.
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Fig. 3.5. The zonation of the Harsit-KBprUbasi area 
» (after GUmUs, 1974).
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Only the Harsit-KBprUbasi and Harkkoy deposits are 
present in the investigated area. Samples of non-opaque 
minerals collected from the Harkkoy deposit were not 
found to contain any fluid inclusion useful for the fluid 
inclusion studies, therefore the filling temperature of 
this deposit has not been established. However, electron 
probe microanalyses showed that sphalerites from the Harkkoy 
deposit contain less iron amount than those from the 
Harsit-KBprUbasi deposit. It may be concluded that the 
filling temperature of the Harkkoy deposit is less than 
the filling temperature of the Harsit-Ko[3rUbasi deposit. 
Copper, lead and zinc are present as the major elements 
at both deposits (Harkkoy and Harsit-KBprUbasi), therefore 
the zonation suggested by GUmUs may not be suitable for 
the area.
The Harsit-KBprUbasi Cu-Pb-Zn sulphide deposit, like 
most ore occurrences of the Eastern Pontus Ore Province, 
is associated with I\1E-5UJ and NIU-SE trending faults.
According to Poliak (l96l) at the Lahanos and Israil de­
posits the NE-SUJ (50°) fractures contain pyrite mineral­
isation and the NUJ-SE (l20°) trending fractures are 
preferred by the copper mineralisation. Poliak pointed 
out that at the intersection points of these two systems 
copper enrichment may be expected. At the Harsit- 
KBprUbasi deposit, the Copper-Lead-Zinc sulphide mineral­
isation has been observed in a few exposed faults with 
50°/65°-83°N, 120°/60°-75°N and 120°/75°N orientations 
(Plate 3.7). Ore enrichment has been seen at the 
intersections of these two fault systems and where sets
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of parallel faults are found very close to each other. 
Barite was also found in association with 50°, 120° and 
160° trending faults (Plate 3.8).
Three samples from the mineralised faults were 
analysed by X.R.F. One of the samples was taken from 
the NE-SUJ (50°-60°) trending fault, the second from the 
NUJ-SE (l20°) trending fault, and the third from the inter­
section points of these two systems (Table 6.1 (56, 54 
& 53)). These analyses revealed that lead was found to 
be dominant at the NE-SUJ (50°-60°) trending fault, and 
copper enrichment at the intersection point of these two 
systems where secondary copper minerals (covellite and 
chalcocite) are abundant.
The contouring of the Harsit-KBprUbasi ore body 
(Chapter 6) revealed that the rich ore lies in a NE-SUJ 
direction at the centre, and in a NUJ-SE direction at the 
north and south of the ore body. The enrichment of the 
ore was found to be present at the north-east corner of 
the ore body at the intersection point of these two trends.
At the Harkkoy deposit mineralized faults were not 
observed, however if we assume that the mineralisation 
is associated with NE-SE (l20°) and . NE-SUJ (possible 40°) 
trends, the enrichment of the copper in this deposit 
may be related to the dominance of the NUJ-SE (120°) 
trending fractures.
The present studies revealed that the mineralisation 
at the Harsit-KBprUbasi deposit is controlled by the 
NE-SUJ (50°-60°) and NUJ-SE (l20°) trends. However,
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although at an intersection point of these two trends copper 
enrichment was found, this appears to be due to the abun­
dance of the secondary copper minerals. The contouring 
revealed that there is no copper enrichment alone, and 
all the elements enrich at the same point.
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CHAPTER FOUR
PETROGRAPHY
4.1. Introduction
In this chapter the megascopic and microscopic 
characteristics of the country rocks (with the exception 
of Tuffaceous Sedimentary Series) are presented. (As 
mentioned in the previous section, the Tuffaceous Sedimen­
tary Series consist of various products of a very fine-grained 
character and generally is differing with the rest of the 
rocks. Hence it is not included in this Chapter). The 
heavy alteration and the fine-grained character of some 
rocks made the transmitted light microscope studies very 
difficult. Hence for the purpose of chemical nomenclature 
Streckeisen's classification (1967) and Le Maitre's modi­
fied Streckeisen*s classification (1976) were tried: 
both were found unapplicable for these rocks. The reason 
being that differences which were observed in thin sections 
are not reflected in these diagrams. The classification 
which is used in this study, results from the combination 
of the observations in the thin sections with the results 
of the geochemical analyses.
During the petrographical studies about 175 thin 
sections were examined. The initial identifications of 
the phenocrysts were later supported with microprobe 
analyses. Details of these analyses are presented in 
Chapter 5. The rocks as a whole, have suffered alteration
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and weathering; therefore most of the samples were col­
lected away from the mineralised areas, but ore-bearing 
rocks despite their alteration were collected very near 
to the sulphide deposits.
4.2. Lower Basic Series
The rocks in hand specimen are grey, green or black.
The major minerals are plagioclase and pyroxene. Mag­
netite, biotite, hornblende, hematite and quartz are the 
accessories. Plagioclase is the most abundant mineral, 
forming lath-like phenocrysts up to 5 mm long (Plate 4.1a). 
Irregular shaped and corroded crystals are not uncommon.
The majority of the phenocrysts fall in the range An 50- 
An 92, the two exceptions being one at An 44 and the other 
a completely albitised one (An^). The plagioclases show 
zoning with the rims less calcic than the cores (Plate 4.1b). 
Zoning is of the normal or normal-oscillatory type. 
Differences in An content from rim to core have been noted 
to range from 2-13 An units. In one sample a large zoned 
phenocryst gave An 89-92 while a small phenocryst gave 
An 69-76 (table 5.11^; this was the only case where three 
different plagioclase minerals were analysed from the same 
sample. The plagioclase is usually twinned on the alb- 
ite law (Plate4.1c). Carlsbad, combined carlsbad-albite 
and pericline twinning are common (Plate 4.id). Glass 
inclusions are very distinct, magnetite inclusions are 
also common and even a few augite crystals have been ob­
served.
The rocks of the Lower Basic Series range from quartz 
andesitic basalt to quartz basaltic andésite (according 
to their normative plagioclase), but only one of the three 
later analysed samples gives average Labradorite, while
Ti
Plate 4.1.fa) Lath-like plagioclase phenocrysts (x32). 
(b) Zoned plagioclase phenocryst (x80). 
fc) Albite twinning in plagioclase (x80).
(d) Albite, Carlsbad, and pericline twinning 
in plagioclase (x80).
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the others like the previous ones give average bytoiunite 
composition.
Despite its alteration to albite, calcite, sericite, 
kaolinite and chlorite; plagioclase is less affected 
by the alteration than pyroxene. Albitization is more 
pronounced in the amygdaloidal samples. In the high 
level albitization the plagioclase phenocrysts are com­
pletely altered and usually very thin rim of the original 
plagioclase is maintained (Plate 4.2a). Very often the 
core has not been affected by this alteration, so that 
the albitization could be seen between the rim and core. 
Accompanying the albitization there is always a small 
amount of sericitization. Calcite usually occurs in the 
cores of the plagioclase phenocrysts together with chlorite, 
due to the alteration of the pyroxene inclusions.
Pyroxene occurs as clinopyroxene and orthopyroxene, 
the larger crystals are about 2-3 mm. The amount of 
pyroxene is relatively high in the basic varieties of the 
series.Microprobe analyses has identified the clino-pyroxene 
as Augite and the Orthopyroxene as Hypersthene (tables 5.13a, 5.14)
Augite occurs in its usual habit of short prizmatic 
crystals with four or eight-sided cross sections (Plate 4.2b), 
while hypersthene usually appears in subhedral prizmatic 
crystals (Plate 4.2c ). Both are corroded, and they con­
tain glass, magnetite and plagioclase inclusions. Augite 
is usually twinned, while hypersthene is not twinned at 
all (Plate 4.2d).
Pyroxene is altered to chlorite, epidote, calcite and 
magnetite, in advance stages of alteration eight-sided 
or prizmatic relicts have been found filled with these 
four minerals.
Plate 4.2. Plagioclase showing alteration to albite (x80) 
Augite phenocryst (x80).
Hypersthene phenocryst (x32).
Twinned augite phenocryst (x32).
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Magnetite is not as abundant as plagioclase or pyro­
xene, but it is widespread, occurring as relatively small 
grains (octahedrous, cubes and irregular, grains; the 
large cyrstals are bout 0.5 mm).
Biotite, hornblende, quartz and hematite are rare, 
and usually occur in the intermediate rocks. Biotite, 
hornblende and olivine are normally altered, however small 
grains of biotite remain fresh. Quartz was only seen 
in one section as a phenocryst; in the others it is present 
as a cavity-filling mineral, or in the groundmass of the 
intermediate varieties.
The textures vary greatly between the sections. 
Hyaloophitic, ophitic, hyalopilitic, pilotaxitic, glom- 
eroporphyritic and amygdoloidal textures are common (Plate 4.3) 
The ovoid vesicles of the amygdoloidal textures are in­
filled with quartz, opal, chalcedony, chlorite, zeolites 
and calcite (Plate 4.3c). If the vesicles are infilled 
with chlorite only, which is the case in some places, the 
rock attains a dark green colouration.
The groundmass is composed of lath-shaped plagioclase 
microlites, magnetite cubes, granules of augite and dev­
itrified glass (Plate 4.3d). In the intermediate vari­
eties xenomorphic quartz is abundant. The ratio of ground­
mass to phenocrysts in these varieties is high relative 
to the basic ones.
4.3. Quartz Andésite - Quartz Trachyandésite,
lliith the exception of sample 147 which is purple, 
these rocks are green in colour. Feldspar is the major 
mineral. The Quartz Trachyandesites contain a large
Plate 4.3. Various textures of the Lower Basic Series.
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amount of biotite. Accessories are magnetite and com­
pletely altered pyroxene. The feldspars are mainly 
plagioclase crystals up to 4 mm in size (Plate 4,4a), along 
with some relatively smaller crystals of sanidine (Plate 4.4b) 
The plagioclases usually being lath-shaped, sometimes 
irregular and corroded. The microprobe analyses of the 
phenocrysts showed that the plagioclase composition ranges 
from An^g-An^^ with average composition of Andesine (table 
The plagioclase is zoned and the rims are more sodic than 
the cores. Zoning is normal or normal-oscillatory type. 
Twinning usually exists on the albite law, carlsbad, and 
combined carlsbad-albite twinning is common. Inclusions 
are very rare, and are restricted to rounded glass and 
magnetites.
Calcite is the main alteration product of the plagio­
clase (Plate 4.4c) albite sometimes replaces the cores, 
but not often as it does in the Lower Basic Series.
Sanidine occurs as lath-shaped or irregular phenocrysts 
up to 1.5 mm long, in the Quartz Trachyandesites. Two 
electron probe microanalyses of sanidine are presented 
in table 5.12 . Sanidine is not zoned and shows carlsbad 
twinning, whilst a few rounded glass inclusions were observed.
Biotite is abundant in the Quartz Trachyandesites, 
occurring as lath-shaped grains parallel to DIO, in hexa­
gonal tablets as six-sided plates and sometimes as irreg­
ular shaped grains (Plate 4.4d). Usually the grains are 
corroded and contain magnetite and glass inclusions.
Biotite is not intensively altered, but when it is altered 
granular magnetites are observed along its borders.
IPlate 4.4.(a) Large plagioclase phenecrvst (x32).
fb) Sanidine phenocrysts (x32).
fc) Calcite replacing plagioclase (x80) 
(d) Biotite phenocryst (x32).
59
Pyroxene is completely altered, four or eight-sided 
relicts being filled with calcite and chlorite.
Magnetite occurs as irregular grains, usually corroded,
The grains differ greatly in size (one grain up to 0.5 mm 
was observed).
Trachytic, pilotaxitic and glomeroporphyritic textures 
are common (Plate 4.5a ). The groundmass is made of 
lath-shaped feldspar microlites, irregular magnetite 
crystals and xenomorphic quartz. The lath-shaped feld­
spars in the quartz andésites are generally larger than 
the ones in the quartz trachyandesites.
4.4. Dacitic - Rhyodacitic pyroclastics
These rocks are green, grey or purple; the major 
minerals are plagioclase, quartz and hornblende. Biotite, 
magnetite and pyrite form the accessory minerals. The 
plagioclase is as lath- and irregular-shaped phenocrysts; 
sometimes corroded, but not as much as quartz. Plagio­
clase phenocrysts are up to 4 mm in size, and microprobe 
analyses gives an andesine composition. The plagioclase 
is zoned and the rims are less calcic than the cores, but 
this difference is very small (table 5.11c). Albite 
twinning is the usual twinning law; carlsbad and combined 
carlsbad-albite twinning are also observed. Plagioclase 
contains magnetite, hornblende and glass inclusions.
Alteration of the plagioclase is not common, but a 
few specimens, such as sample 72, which are very close to 
the Lower Basic Series, commonly show intense albitization 
in the cores of the crystals (Plate 4.5b).
tPlate 4.5.(a) Trachytic texture in Quartz andesite- 
Quartz trachyandesite (x22).
(b) Albitization showing plagioclase in
Dacite-Rhyodacitic pyroclastics (x32).
fc) Hornblende phenocryst (x32).
(d) Granular magnetite occurring along biotite 
borders (x80) .
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Quartz occurs as corroded, rounded, irregular grains 
of up to 10 mm. Inclusions of plagioclase microlites 
and glass are observed.
Hornblende does not appear in all of the thin sections, 
but when it is present it is in large amounts; crystals 
of up to 5 mm in size occur (green or green-brown in 
colour) (Plate 4.5c). They are sometimes observed parallel 
to (OlO), normal to the c-axis, but usually occur as cor­
roded, irregularly shaped crystals. In the lower part of 
the unit they are often twinned. Although alteration of 
hornblende is not common, alteration to chlorite and 
magnetite has been observed.
Biotite is not as common as hornblende and occurs as 
lath-shaped sections parallel to (OlO). In the upper 
part of the dacitic-rhyodacitic pyroclastics, along its 
borders, granular magnetite is seen when alteration has 
occurred (Plate 4.5d). Magnetite and pyrite occur as 
irregular shaped grains.
The groundmass is felsitic and hyalopilitic. Very 
few vesicles are infilled with quartz and chalcedony.
Quartz, feldspar, glass, magnetite and/or pyrite are the 
constituents of the groundmass.
4.5. Dacite - Rhyodacite
These rocks are white, purple, green or grey in 
colour, according to their alteration products. Plagio­
clase and quartz are the major minerals, while hornblende, 
biotite and magnetite form the accessory minerals. The 
plagioclase is present as corroded lath— and irregularly 
shaped, sometimes broken, phenocrysts. The phenocryst*s
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composition identified by optical microscope is oligo— 
clase-andesine, but microprobe analyses of 4 crystals 
in two different sections gave an andesine composition 
( table 5, lid) • The plagioclase phenocrysts are up to 4 mm 
in size, zoned as normal and normal-oscillatory type.
The cores are slightly more calcic than the rims. Albite, 
carlsbad, combined carlsbad-albite and pericline twinning 
have been observed. Inclusions are not widespread, al­
though some glass and magnetite are sometimes present.
Intense alteration has been observed and very few 
fresh plagioclase phenocrysts remain. Alteration to 
kaolinite, sericite, calcite, albite and chlorite is common; 
complete alteration to kaolinite and sericite give the 
rock a white colour; this type of alteration is very 
intensive near the ore occurrences of the area. In the 
Harkkoy sulphide deposit alteration to calcite accompanies 
the other two alteration products. Alteration to albite 
is similar to the Lower Basic Series, but in some sections 
the crystal keeps its original composition as an island 
while the rest of it is altered (Plate 4.6a).
In specimen 47 the andesine phenocrysts are completely 
or partly replaced by microcline. When the crystal 
is not completely replaced, the rims show the original 
andesine composition (Plate 4.6b).
The quartz phenocrysts occur in irregular fragments, 
corroded and embayed rounded grains or bipyramidal crystals. 
A few crystals perpendicular to the c-axis have also been 
observed. Quartz phenocrysts occur up to 7 mm in size, 
and contain glass and very rare magnetite and biotite 
inclusions.
■rj%
r#
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Plate 4.6.(a) Plagioclase showing alteration to albite in 
Dacite-Rhyodacite. The core contain the 
original plagioclase (x32).
(b) Plagioclase replaced by microcline in 
Dacite-Rhyodacite. The edges contain the 
original plagioclase (x32).
(c) Plagioclase completely replaced by microcline 
in Hyalo Rhyodacite-Hyalo Rhyolite (x32).
(d) Carlsbad twinning in sanidine in Rhyolitic 
lava, tuff and breccia (x80).
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Hornblende occurs as parallel to (OlO), normal to 
the c-axis but usually as irregular shaped crystals in 
the lower part of the Dacite - Rhyodacite rocks. They 
are up to 3 mm in size and green or green-brown in colour. 
Twinning is common. Alteration is to chlorite and 
magnetite.
Biotite is the main mafic mineral of the upper part 
of the Dacite - Rhyodacite rocks, it occurs as lath-shaped 
sections parallel to (OlO), but a few hexagonal tablets 
have also been observed. Alteration is to chlorite.
Magnetite and a few pyrite crystals occur as irreg­
ular shaped grains.
The groundmass is felsitic, glassy or hyalopilitic, 
and consists of: quartz, feldspar microlites, glass,
magnetite and/or pyrite. In intensively altered sections 
only sericite is present after feldspar.
4.6. Hyalo Quartz Albitophyre
These are pinkish rocks, containing 2-3 completely 
altered feldspar phenocrysts in one section, in a devitri­
fied felsitic groundmass of quartz, feldspar microlites 
and glass.
4.7. Hyalo Rhyodacite-Hyalo Rhyolite
The rocks in hand specimen are grey, greenish or pink 
in colour. The phenocrysts are feldspar and biotite.
The former are lath-shape plagioclases up to 4 mm in size, 
but are completely replaced by microcline (Plate 4.6c), 
fresh plagioclase is rarely present.
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Biotite occurs as lath-shaped sections parallel to 
(OlO), It is generally fresh, but granular magnetite 
along its borders is frequently observed.
Groundmass is of feldspar microlites, xenomorphic 
quartz and ore minerals, and is felsitic or hyalopilitic.
4.8. Rhyolitic lava, tuff and breccia
These white, pink or grey-coloured rocks contain 
plagioclase, biotite and sanidin-e phenocrysts. The plagio­
clases are lath-shaped and sometimes corroded irregular 
grains showing normal-oscillatory type zoning. They are 
up to 3 mm in size. Their composition ranges from oligo-
clase to andesine. Albite, carlsbad, combined carlsbad-
albite and pericline twinning are displayed. Plagioclase 
phenocrysts in lavas are completely replaced by microcline, 
while in breccias they remain almost fresh. In the tuffs 
because of complete alteration only their pseudomorphs 
exist.
Biotite is more abundant in the tuffs and breccias 
than in the lavas. The grain size also differs in the 
lavas it is approximately 0.7 mm and up to 3 mm in tuffs 
and breccias. Biotite usually occurs as lath-shaped sec­
tions parallel to (OlO), but hexagonal tablets as six-sided 
plates are also common. It contains a very small amount 
of granular magnetite along its borders, otherwise it 
is fresh.
The sanidines are rather small compared with the 
other grains: less than 1 mm in size and is only present
in tuffs as corroded lath-shaped, or irregular grains.
It is twinned according to carlsbad law, and does not
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show zoning (Plate 4.6d).
The groundmass is felsitic, hyalopilitic or vitro- 
clastic and consists of feldspar microlites, quartz, 
glass, magnetite and/or pyrite.
4.9. Upper Basic Series
The rocks are grey, dark grey or black in colour.
The major minerals are plagioclase and clinopyroxene; 
olivine and less commonly magnetite are the accessory 
minerals. The plagioclase phenocrysts are up to 2 mm 
in size, lath-shaped crystals; very few of them are cor­
roded but they commonly show very clear rectangular 
outlines. The plagioclase composition is labradorite. 
Microprobe analyses show that this composition ranges from 
An62 to An67 (table 5 .lie). Zoning in the plagioclase 
phenocrysts is very rare. They are usually twinned on 
the albite law. Combined carlsbad-albite, carlsbad and 
pericline lavas are also observed. Magnetite and glass 
inclusions are very rare. Plagioclase phenocrysts are 
fresh.
The clinopyroxene phenocrysts are generally seen as 
basal sections, (lOO) section and (OlO) section, but 
sometimes as broken, corroded irregular grains. The 
clinopyroxene; composition is augite. The phenocrysts 
are usually zoned and the hour-glass structure is rather 
common (Plate 4.7a). The cores contain more Mg than the 
rims, more than 4^ increases from rim to core have been 
detected by microprobe analyses (table 5.13b109/5-6). 
Twinning of clinopyroxene is very common. Inclusions are 
significantly more frequent than in the plagioclases; 
magnetite, plagioclase and glass being the common ones.
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Clinopyroxene phenocrysts are fresh.
Olivine is so abundant that it could have been counted 
as a major mineral. Occurring parallel to (lOO), but 
so strongly corroded and embayed that only very few cry-' 
stale of the original form remain present, and they are 
mostly broken grains (Plate 4.7b). The olivine pheno­
crysts are up to 3 mm across, colourless in the thin section 
(when they are fresh), and contain greenish and reddish 
coloured filled cracks of alteration to serpentine and iron 
ores or iddingsite (Plate 4.7c). The grains which are 
completely altered to chlorite appear green. Olivine is 
altered to serpentine, magnetite, red iron oxide, idding­
site and chlorite. Microprobe analyses of rather fresh 
olivine grains which have been found in sample 123 gave 
Mg 75-78 (table 5.15 123/1,2,3). In the other thin 
sections they are largely represented by their alteration 
products.
Magnetite is not very common as a phenocryst, but is 
abundant in the groundmass. It occurs as rather small 
irregularly shaped grains, less than 0.5 mm in size.
The groundmass is composed of lath-shaped plagioclase 
microlites, magnetite cubes, granules of augite and de­
vitrified glass. The texture is hyalopilitic, hyalophitic 
or intersertal.
4.10. Quartz Basalt - Quartz Polarité
The coloration is green, dark grey or black. The 
major minerals are plagioclase and pyroxene.* Olivine 
and magnetite are the accessory minerals. The plagioclase 
phenocrysts are up to 5 mm in size, and are usually normal
Plate 4,7.(a) An hourglass structure showing augite in 
Upper Basic Series (xBO).
Olivine phenocryst in Upper Basic Series (x32). 
Altered olivines in Upper Basic Series (x32), 
Plagioclase altered to quartz, calcite and 
chlorite in Quartz basalt-Quartz dolerite (x32)
69
to (OlO) in form and appear with rectangular outlines 
as lath-shaped crystals; sections normal to c-axis were 
also observed. The composition of plagioclase phenocrysts 
ranges from labradorite to anortite. Microprobe analyses 
of these phenocrysts show An64 to An91 (table 5.nf).
When two generations of plagioclase phenocrysts are present, 
the large crystals are more calcic than the smaller ones. 
Zoning in plagioclase is normal or normal-oscillatory in 
type. The rims are less calcic than the cores, the dif­
ference in composition between the rim and the core is 
quite wide (table 5.Ilf.41/1,2,3). Twinning on the albite 
law is very common. Carlsbad, combined carlsbad-albite 
twins are present. Magnetite and glass inclusions have 
been observed.
Although plagioclase phenocrysts are usually fresh, 
alteration to calcite and chlorite, especially in the 
centre of the crystals is common. In the rather altered 
sample 99, the plagioclase cores are completely altered 
to quartz, calcite and chlorite (Plate 4.7d).
Clino and ortho-pyroxenes are both present sometimes 
occurring together in the same thin sections, (clino­
pyroxene being the more abundant). In most sections, 
only clinopyroxene occurs. It is up to 4 mm in size 
and present in the usual short prizmatic crystals with 
four or eight-sided cross sections. Orthopyroxene is up 
to 2 mm in size and found in subhedral and prismatic 
crystals. Microprobe analyses gave hypersthene and 
augite compositions. Hypersthene does not show any twin­
ning, while augite is commonly twinned. Plagioclase, 
magnetite and glass inclusions in the pyroxene phenocrysts
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are common. Alteration to calcite and chlorite is 
widespread.
Olivine is not present in all of the sections, but 
occasionally it was observed in large amounts. It is 
usually altered and represented by its alteration products. 
Its grain size is less than 1 mm. Sections parallel to 
(lOO) are visible, but are very strongly corroded, appear­
ing greenish or brown in thin section. Olivine is com­
pletely altered to iddingsite, serpentine and chlorite.
Magnetite occurs in octahedrons, cubes and irregular 
grains. It is,up to 1 mm in size.
The groundmass is made of lath-shaped plagioclase 
microlites, augite, magnetite and devitrified glass.
The texture is ophitic, subophitic or hyaloophitic.
Some vesicles are filled with calcite, quartz and 
chalcedony.
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CHAPTER FIVE
GEOCHEMISTRY AND MINERALOGY OF THE COUNTRY ROCKS
5.1. Geochemistry
5.1.1. Introduction
Previous workers have mainly concentrated their 
attention on the mineralisation of this area; as a result 
the chemistry of the country rocks has been seriously 
neglected. Tugal (l969) looked at some rocks to the 
south-west of the area, but apart from his work no other 
is known to the author.
During the present investigation, 57 selected samples 
from 9 rock units were analysed for all major and five 
trace elements, together with another seven trace elements 
for 20 of the 57 samples. The analyses, together with 
their CIPUI norms are presented in tables 5.1 to 5. 9.
The ClPUi norms of the two samples H3 and H36, which were 
collected from mineralised zones, are not included in the 
tables. The CIPUI norms of the kaolinized sample H80 and 
the silicified sample H53 are only presented for comparison, 
and are excluded from the diagrams.
5.1.2. The Major Element Chemistry
Before consideration of the chemistry of the rocks 
it is necessary to point out the altered nature of the 
rocks in the investigated area. A case was seen above 
for the kaolinized sample H80 in which the norm for almost 
all the AlgOg was corundum; the other elements, i.e. K2O*
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^^2  ^ and CaD occur in very low percentages. This is 
the expected result when a sample has undergone a high 
degree of kaolinization, very close to the Harsit-KDprübasi 
deposit. Another two samples H29 and H127 which contained 
9% and 10^ of corundum respectively, could have been ex­
cluded from the table, but it was preferred to include 
them in the discussion of the rocks as a whole.
The presence of calcite as an alteration product of 
plagioclase and as veinlets, especially in the basic rocks 
was another problem that arose during the early stage of 
the analyses. However, a calcite percentage was deter­
mined by the CO2 content. Sulphur was expected to be 
present due to the sulphide mineralisation, which is 
widespread in the mapped area, but 24 of the early analyses 
showed no trace of sulphur at all, although it was detec­
ted in 2 samples (H3 and H35) analysed at a later date, 
these were collected from the mineralised zone and con­
tained pyrite,
A high percentage of quartz in the CIPW norms makes 
the classification based on the normative mineralogy 
impossible. The Streickesen (1957) and the Le lYlaitre 
(1976) diagrams are not applicable because of the high 
K^O content. The classification found necessary for this 
study is based on: petrography, plagioclase composition
(determined in thin section and by microprobe analyses) 
and overall rock chemistry.
The before mentioned problems coupled with the 
restriction of a limited number of analysed samples for 
such a large area, obviously places limits on the extent
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of the conclusions reached. It is hoped that they will, 
however, at least encourage further investigation.
5.1,3. Lower Basic Series (see table 5.1)
Although the Lower Basic Series was named for its 
basic characteristics the analysed samples of the series, 
proved to be intermediate rather than basic, and range 
in composition, from quartz andesitic basalt to quartz 
basaltic andésite. The eight analyses of this series 
are given in table 5.1 . The first six samples are ag­
glomerates and the remaining two are overlying lavas.
No distinct chemical variation is seen and so all of the 
analyses will be discussed together; and compared with 
Nockold*s (1954) average rocks.
The samples are noticeably higher in SiO^ as compared 
with the ’basalts and andésites*. Hence the very high 
quartz values obtained from the ClPUi norms necessitated 
the "quartz" term to be included in the series name. All 
but two of the twenty-three microprobe analyses of plagio­
clase phenocrysts from this series have anorthite contents 
in excess of An^g. One of the remainder was completely 
albitised and hence the anorthite content was zero. The 
high albite values of the CIPlli norms are accentuated by 
albitization, and also by the lower values of anorthite 
shown by the plagioclase microlites in the groundmass. 
Despite the normal Na20 values compared with the ’basalt 
and andésites’, and even after correction for the amount 
of calcite present the amount of CaO is low.
The most marked chemical differences for the Lower 
Basic Series, in comparison with the ’basalts and
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33 40 71 51 57 22 8 48
SlOj 55.17 56.05 58.45 61.43 62.33 65.36 61.00 63.58
AlgC'3 17.66 17.93 16.80 18.01 16.30 15.86 15.80 15.42
FsgC'3 1.76 2.05 2.64 3.21 1.80 3.52 3.63 2.29
FeO 6.04 4.24 3.79 1.32 4.01 1.02 2.73 2.73
NgO 3.79 3.44 3.50 0.95 0.33 1.57 1.83 1.82
CaO 6.66 8.01 7.39 6.98 5.69 4.25 5.90 5.05
NagO 2.65 2.52 1.58 3.01 3.64 3.81 3.79 3.42
KgO 0.46 0.73 1.05 1.87 0.84 1.67 0.96 1.41
HgO* 1.14 1.61 2.42 0.70 2.38 1.82 2.58 1.69
HjO* 0.13 0.31 0.16 0.18 0.16 0.32 0.23 0.19
TlOg 0.63 0.70 0.55 0.83 0.72 0.47 0.73 0.61
P2O5 0.13 0.08 0.06 0.47 0.15 0.14 0.18 0.12
BlnO 0.19 0.13 0.12 0.04 0.20 0.04 0.15 0.14
CO2 1.53 1.86 1.82 1.89 0.94 0.49 1.29 1.28
TOTAL 99.96 99.68 100.33 100.89 99.57 100.34 100.80 99.75
Trace elements:
Ba 494 190 342 210 392 180 258 267
Co 32 10
Cr 15 5
Cu 40 10
Li 2 3
Ni 3 -
Pb 27 28
Rb 30 19 64 56 70 47 76 60
Sr 188 242 247 245 284 305 287 179
2n 108 121
Zr 51 77 62 89 111 131 96 101
Y 19 15 5 34 18 10 19 8
C.I.P .U . NORMS
Q 14.23 19.27 27.48 26.89 25.96 27.11 23.46 27.53
Or 2.72 4.31 6.20 11.05 4.96 9.87 5.67 8.33
Ab 22.41 21.31 13.36 25.4£ 30.79 32.22 32.05 28.93
An 32.53 27.45 24.76 19.61 21.30 17.07 19.94 16.17
’Ulo
Di En
Fa
Hy
[En 9.44 8.56 8.71 2.37 0.82 3.91 4.56 4.53
F. 8.95 5.18 4.09 - 5.06 - 1.09 -Z.37
Bit 2.55 2.97 3.83 1.98 2.61 2.06 5.25 3.32
Ilm 1.20 1.33 1.04 1.58 1.37 0.89 1.39 1.16
Ap 0.31 0.19 0.14 1.11 0.36 0.33 0.43 0.28
Aq 1.27 1.92 2.58 0.68 2.54 2.14 2.81 l.BB
Co 0.88 2.94 3.99 3.85 1.68 1.53 1.22 2.34
Cc 3.48 4.23 4.14 4.30 2.14 1.11 2.93 2.91
He r - - 1.84 - 2.10 - -
TOTAL 99.97 99.67 100.33 100.92 99.58 100.35 100.81 99.76
Tobla 5,1, Analyse» of Lower Baalc Series
L o c a t i o n s  of sampl e  n u m b e r s  a r e  i n d i c a t e d  at  M a p  1
75
andésites*, apart from the Si02 values, is their lower 
lYlgO, 7102* P2O5 (excepting sample H5l) and FeO values.
5.1.4. Quartz Andésite - Quartz Trachyandesite.
(see table 5.2)
The six analyses of these rocks show high Si02 values, 
compared with the ’andésites and trachytes’. Hence, some 
very high values of quartz are obtained from the CIPUJ 
norms and it could be argued that some of them could have 
been called dacites; this has been avoided however, 
because no actual quartz is present neither as phenocrysts 
nor in the groundmass. Furthermore their plagioclase 
compositions are higher than the dacites. The rocks range 
from quartz andésite to quartz trachyandesite. The other 
chemical differences of this unit in comparison with the 
’andésites and trachytes’ are the lower *^2^5 » MgO
and Ti02 values of the Quartz Andésites.
5.1.5. Dacitic - Rhyodacitic Pyroclastics (see
table 5.3)
The six analysed samples of these rocks show a great 
chemical variation. Even if the silicified sample H16 
is excluded, the SiO^ values are high compared with the 
’dacites and rhyodacites’, and contain low AI2O2 , FeO,
[ïlgü, Na^O, P2O2 and 7102» The high SiÜ2 values reflect 
the substantial quartz content.
5.1.6. Dacites - Rhyodacites (see table 5.4)
The most altered four, of the analysed fourteen 
samples of these rocks are excluded from any discussion.
Due to the. mineralisation which occurs in this unit, most 
of the rocks have undergone a high degree of silicification
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2 49 58 147 25 26
SiOg 61.60 62.47 63.24 64.58 66.65 66.81
AlgOj 16.53 15.9d 15.86 15.86 14.90 16.22
F.gOg 2.02 3.36 3.79 3.32 2.05 3.23
FeO 2.08 3.19 2.47 0.39 2.01 0.64
MtgO 1.03 2.42 0.79 0.74 1.03 0.96
CaO 4.33 3.21 3.97 3.25 3.81 3.73
NagO 3.52 4.67 2.78 3.00 3.40 3.63
KgG 5.22 1.14 2.46 7.05 2.19 3.15
HgO* 0.87 1.65 2.12 0.84 1.48 0.90
HgO’ 0.20 0.26 0.15 0.20 0.39 0.14
TlOg 0.51 0.75 0.32 0.46 0.43 0.42
P2O5 0.23 0.18 0.17 0.16 0.17 0.13
ItlnO 0.08 0.12 0.20 0.06 0.27 0.07
CO2 1.83 0.47 0.91 0.30 0.90 0.38
TOTAL 100.05 99.87 99.23 100.21 99.68 100.41
Trace elements:
Ba 1272 257 7573 2300 233 195
Co 6 4
Cr 5 5
Cu 10 3
Li 1 13
Ni - -
Pb 48 23
Rb 124 26 56 213 31 72
Sr 345 235 176 203 271 274
Zn 89 116
Zr 131 82 44 136 83 103
Y 32 10 20 30 17 42
C.I.P.U). NORMS
a 15.34 21.33 30.38 14.28 30.93 25.64
Or 30.84 6.74 14.53 41.65 12.94 18.61
Ab 29.77 39.50 23.51 25.37 28.76 30.70
An 8.41 11.78 12.83 8.99 12.10 15.25
(UJo - - - 1.75 - -
Di (En - - - 1.51 - -
(Fa - - - - - -
(En 2.56 6.02 1.97 0.33 2.56 2.39
Ifb 1.46 2.07 1.25 - 1.79
It 2.93 4.87 5.50 0.12 2.97 1.07
Ilm 0.97 1.42 0.61 0.87 0.82 0.80
Ap 0.55 0.43 0.40 0.38 0.40 0.31
Aq 1.07 1.91 2.27 1.04 1.87
1.04
Co 2.01 2.75 3.92 - 2.50 . 1.25
Cc 4.16 1.07 2.07 0.68 2.05 0.86
He - - ■ - . 3,24 - 2.49
TOTAL 100.06. 99.68 99.24 100.22 99.69
100.42
Table 5.2. Analyse# oT Quartz Andaaite-Quartz Trachyai
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66 74 44 88 72 16
SlOg 68.14 69.85 71.08 73.20 75.37 80.53
AlgOj 14.05 14.75 11.70 14.27 12.53 10.78
F'zO] 3.60 2.86 1.42 1.35 0.26 0.31
FeO 0.91 0.48 0.55 0.97 1.42 0.05
fflgO 1.39 0.39 0.74 0.25 0.11 0.07
CaO 4.02 2.71 . 3.44 2.45 3.23 1.54
NagO 2.22 2.89 2.04 3.86 3.06 2.83
KgO 2.09 3.97 1.67 3.13 2.05 2.75
HgO* 1.20 0.93 4.54 0.38 0.44 0.32
HgO' 0.17 0.30 0.46 0.12 0.12 0.18
TlOg 0.49 0.32 0.20 0.17 0.24 0.14
P2O5 0.11 0.09 0.03 0.04 0,06 0.02
BlnO 0.06 0.09 0.06 0.06 0.03 0.01
COg 0.60 0.20 0.93 0.15 0.45 0.08
TOTAL 99.85 99.83 99.66 100.40 99.37 99.61
Trace elements
Ba 592 628 255 528 592 303
Co 4 1
Cr 9 4
Cu 13 6
Li 5 16
Hi - 1
Pb 42 33
Rb 22 69 63 127 66 40
Sr 238 166 306 208 185 126
Zn 34 16
Zr 75 94 117 83 83 92
Y 30 12 24 22 18 -
C.I.P.UI. NORMS
Q 38.51 32.27 47.78 33.46 43.12 50.43
Or 12.35 23.46 9.87 18.49 12.11 16.25
Ab 18.78 24.44 17.*25 32.65 25.88 23.94
An 15.43 11.59 10.99 10.94 12.78 7.00
(il/o - - - - - -
01 (En - - - - - -
(Fa - - - - - -
(En 3.46 0.97 1.84 0.62 0.27 0.17
If . - - - 0.50 2.05
Bit 1.71 0.91 1.39 1.96 0.38 -
Ilm 0.93 0.61 0.38 0.32 0.46 0.13
Ap 0.26 0.21 0,07 0.09 0.14 0.05
Aq 1.37 1.23 5.00 0.50 0.56 0.50
Co 3.28 1.45 2.51 0.52 0.59 0.58 :
Çc 1.36 0.45 2.12 0.34 1.02 0.18
Ho 2.42 2.23 0.46 - - 0-.31
Ru 0.07
TOTAL 99.86 99.84 99.66 100.40 99.37 99.61
Table 5.3. Analyse# of DocitiC"-Rhyodocitic Pyroclaetica
VH
BO 7 69 46 13 127 55 45 47 29 65 53 3 35
SlOg 60.60 67.60 68.64 70.36 70.96 71.02 71.62 71.95 73.94 77.48 77.67 84.70 86.24 87.01
A1 2°3 28.31 13.60 14.71 13.60 15.07 14.14 11.64 13.95 12.01 14.62 11.88 8.20 6.59 7.69
Fe,2°3 0.06 1.85 1.76 1.30 2.25 2.36 1.91 2.01 1.71 0.09 1.85 1.30 2.44 0.70
FeO 0.15 0.88 1.27 1.35 0.10 0.29 0.00 0.41 0.40 0.05 0.00 0.00 0.00 0.00
BlgO 0.04 1.19 1.49 0.93 0.11 1.96 1.50 0.78 0.39 0.65 0.09 0.01 0.03 0.20
CaO 0.04 3.97 2.88 2.50 1.68 1.97 5.19 0.99 0.71 0.06 0.56 0.05 0.05 0.07
NagO 0.04 2.36 3.04 3.76 2.30 0.93 1.47 3.64 1.86 0.07 3.05 0.22 0.27 0.24
Kg(Ï 0.14 4.21 3.64 2.98 4.34 1.49 2.17 3.84 6.76 4.08 3.54 0.78 0.81 2.16
HgO* 9.62 1.93 1.16 1.29 1.68 4.08 1.94 1.09 0.42 2.04 0.94 3.31 1.27 1.11
HgO" 0.50 0.30 0.28 0.30 0.35 0.43 0.24 0.27 0.07 0.15 0.08 0.22 0.10 0.08
TiOg 0.37 0.30 0.31 0.17 0.21 0.26 0.26 0.23 0.20 0.28 0.07 0.07 0.28 0.02
’*2°5 0.03 0.08 0.09 0.05 0.06 0.01 0.05 0.06 0.02 0.01 0.00 0.00 0.05 0.01
ffinO 0.00 0.13 0.08 0.08 0.05 0.04 0.05 0.04 0.09 0.03 0.09 0.01 0.00 0.00
COg N.O. 1.15 0.40 1.20 0.12 0.69 1.62 N.D. 0.11 0.00 N.O. N.D.
(S)2.20(S)o.40
TOTAL 99.92 99.55 99.75 99.87 99.28 99.67 99.66 99.26 99.49 99.61 99.82 98.88 100.33 99.69
Trace elements:
Ba 4463 255 680 508 689 770 257 542 811 542 200 237 155 580
Co 1 6 7 7 - _
Cr 7 3 7 3 3 3
Cu 2 7 9 7 6 6
Li 8 7 13 5 1 1
Ni 1 1 1 - - -
Pb 84 42 44 50 14 14
Rb 21 82 106 81 108 57 28 101 128 147 47 27 21 147
Sr 150 93 177 126 142 213 335 61 32 30 68 51 168 22
Zn 12 47 49 45 8 8
Zr 407 82 77 81 77 84 90 76 64 126 141 59 115 126
Y 11 32 14 22 19 11 13 14 25 22 40 4 6 22
C.I. P.UI. NORMS
Q 59.77 30.86 29.76 33.20 37.72 54.69 45.98 32.99 35.52 60.39 45.06 80.31
Or 0.83 24.87 21.51 17.61 25.64 8.80 12.82 22.69 39.94 24.11 20.91 4.61
Ab 0.34 19.96 25.71 31.80 19.45 7.87 12.43 30.79 15.73 0.59 25.80 1.86
An 0.00 11.90 11.17 4.49 7.18 5.34 15.18 4.52 2.70 0.23 2.78 0.25
Ulo - - - - - - - - - - - -
Di En - - - - - - - - - - - -
Fa • - - - - - - - - - -
[En 0.10 2.96 3.71 2.32 0.27 4.88 3.73 1.94 0.97 1.62 0.22 0.02
Hy
Ir. - - 0.51 1.27 - - - - -- - - -
Bit - 2.39 2.55 1.88 - 0.31 - 0.79 1.00 - 0.09 -
Ilm - 0.32 0.57 0.59 0.32 0.32 0.49 0.11 0.44 0.38 0.17 0.13 0.02
Ap 0.07 0.19 0.21 0.12 0.14 0.02 0.12 0.14 0.05 0.02 - -
Aq 10.12 2.23 1.44 1.59 2.03 4.51 2.18 1.36 0.49 2.19 1.02 3.53
Co 28.09 0.80 1.68 2.55 3.96 9.04 1.31 2.15 1.45 10.00 2.02 6.90
Cc . 2.62 0.91 2.73 0.27 1.57 3.68 - 0.25 - - -
He 0.08 0.20 - - 2.25 2.14 1.91 1.47 1.02 0.09 1.79 1.31
Ru 0.20 - - 0.04 - 0.20 - - 0.19 - 0.06
TOTAL 99.92 99.56 99.76 99.07 99.28 99.67 99.66 99.26 99.49 99.61 99.82 98.88
N.D. Not Determined 
Table 5.4. Annlyaoo of Dacitoe-Rhyodocltoe
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and kaolinization. Tharefore, very few relatively fresh 
samples were found, despite the widespread distribution 
of the rocks.
The chemical differences between these rocks and the 
’dacite - rhyodacites’ is shown by their high Si02 and K2O, 
and low ^gO, CaO, Na2Û, ^2 ^^ and Ti02 values.
The altered samples H29 and H127 show a high corundum 
content in their CIPUJ norms. A high quartz content is 
the other apparent character of these rocks.
5.1.7. Hyalo Quartz Albitophyre (see iûble 5.5)
Only two samples were analysed from these rocks and 
they show little variation in their chemistry. They 
differ from the other rocks of the mapped area with their 
relatively high Na20, and low K2O and CaO contents.
5.1.8. Hyalo Rhyodacite - Hyalo Rhyolite (see
table 5.6)
The four samples which were analysed from these rocks 
show great chemical variations. The most noticeable are 
the K2O values which range between 3.06% and 10.85%.
The sample H64 contains a low K2O content and was taken 
from the southeast of the mapped area, far away from the 
rest of the samples which were found in the north north-east 
of the area. It is included in this unit on the basis 
of field evidence. It differs from the other three ana­
lysed samples by a high (YlgO value, but conforms in the 
case of the other oxides. The general differences of 
these rocks in comparison with the ’Rhyodacites - Rhyolites’ 
are their average high K2O and low FeO and CaO values.
5.1.9. Rhyolitic Lava, Tuff and Breccia (see table 5.7)
The ten analysed samples of these rocks show little
GO
301 302 91 92 64 93
SlOg 76.33 79.25 68.55 71.68 72.36 73.95
AlgOj 13.05 12.16 15.73 13.98 15.04 13.81
F.2O3 1.B4 1.53 1.50 0.87 1.99 1.12
F#0 0.05 0.12 0.24 0.10 0.29 0.19
NgO 0.20 0.04 0.20 0.09 0.41 0.09
CaO 0.15 0.13 1.16 0.29 0.21 0.62
NagO 3.95 3.26 2.93 1.08 3.16 2.65
KgO 1.64 1.25 7.60 10.85 3.06 6.06
HgO* 2.02 2.02 0.40 0.36 2.50 0.61
HgO* 0.20 0.16 0.04 0.06 0.24 0.09
TiOg 0.15 0.13 0.56 0.15 0.44 0.13
0.03 0.01 0.17 0.01 0.06 0.01
ffinO 0.00 0.04 0.01 0.04 0.00 0.05
CO2 N.D. N.D. 0.15 N.D. N.D. N.D.
TOTAL 99.61 100.10 99.24 99.56 99.76 99.38
Trace elements:
Ba 198 175 1883 969 175 1286
Co
Cr
Cu
Li
Ni
Pb
Rb 37 18 243 195 43 170
Sr 22 56 240 38 61 83
Zn
Zr 201 126 126 134 163 137
Y 35 25 41 43 24 33
Q 46.56 55.21
C.I.P.m. NORBS
20.55 23.19 41.39 32.93
Or 9.69 7.39 44.90 64.10 18.OS 25.80
Ab 33.41 27.57 24.78 9.13 26.73 22.41
An 0.55 0.58 3.70 1.26 0.65 3.01
Mo - - - 0.05 - -
Di En - - - 0.04 - -
Fa - - - - - -
[En 0.50 0.10 0.50 0.18 1.02 0.22
Kxl
!f. - - - - - -
■ t 0.14 - 0.02 - 0,40
Ilm 0.11 0.25 0.53 0.28 0.61 0.25
Ap 0.07 0.02 0.40 0.02 0.14 0,02
A; 2.22 2.18 0.44 0.42 2.74 0.70
Co 4.58 5.23 1.33 - 6.29 1-79
Cc - - 0.34 - - -
He 1.64 1.43 1.50 0.66 1.99 0.64
Rj 0.09 - 0.28 - 0.12 -
TOTAL 9.61 100.10 99.25 59.56 59.76 99.33
Table 5.5. Analyses of Table 5,6. Analyses of Hyalo
Hyalo Quartz Albitophyre Rhyo'dacita-Myalo Ahybllta
83 86 87 17 70 94 73 85 42 90
SiOg 63.61 74.04 74.20 75.56 77.49 70.02 79.21 79.60 80.09 01.2Ç
AlgOj 18.95 13.70 11.51 12.58 11.76 11.91 10.72 11.16 10.29 9.69
0.52 1.74 0.78 0.77 0.80 0.03 0.60 0.40 0.63 0.55
FeO 0.07 0.19 0.00 0.05 0.10 0.19 0.10 0.15 0.00 0.00
nigO 0.69 0.41 0.08 0.06 0.07 0.24 0.17 0.07 0.04 0.21
CaO 0.66 0.31 2.22 0.30 0.18 0.34 0.28 0.44 0.18 0.56
NagO 2.41 1.24 1.16 1.23 1.06 1.27 1.32 1.70 0.79 0.37
KgO 11.40 5.70 3.76 8.57 5.59 5.46 5.56 6.22 6.66 6.20
HgO* 0.90 2.34 4.85 0.73 2.20 1.55 1.13 0.60 0.75 1.27
HgO- 0.18 0.25 0.32 0.05 0.18 0.25 0.04 0.05 0.05 0.24
TlOg 0.22 0.24 0.00 0.08 0.23 0.05 0.11 0.02 0.06 0.04
^2°5 0.02 0.04 0.01 0.03 0.01 0.00 0.01 0.01 0.02 O.OC
BlnO 0.03 0.02 0.01 0.01 0.02 0.02 0.03 0.04 0.04 0.03
CO2 0.06 N.D. 0.41 N.D. N.D. N.D. 0.06 N.D. 0.00 N.D.
TOTAL 99.72 100.22 99.31 100.02 99.69 100.13 99.34 100.46 99.85 100.47
Trace elements:
Ba 2150 903 4138 1044 1180 1547 911 1175 536 1072
Co 1 4 - 3
Cr 3 5 9 1
Cu 1 5 5 5
Li 6 7 5 9
Hi - - 5 -
Pb 60 43 57 39
Rb 264 141 128 195 170 175 127 191 163 145
Sr 94 195 423 50 38 74 31 80 47 105
Zn 23 28 17 26
Zr 176 188 94 80 130 78 88 97 87 10 =
y 37 35 23 32
C
28
.I.P.UI
35
. NORMS
35 25 31 21
Q 3.76 43.86 49.34 34.97 49.48 48.66 49.60 44.90 48.86 53.86
Or 67.35 33.68 22.21 50.63 33.03 32.26 32.85 36.75 40.53 36.63
Ab 20.38 10.49 9.81 10.40 8.97 10.74 11.16 14.38 6.68 3.13
An 2.76 1.28 8.35 1.29 0.83 1.69 0.94 2.12 0.76 2.88
fUlo - - - - - - - - - -
DijCn - - - - - - - - - -
(Fa - - - - - - - - - -
4 :1.72 1.02 0.20 0.15 0.17 0.60 0.42 0.17 0.10 0.52
Bt - - 0.03 - - 0.53 0.10 0.56 - -
Ilm 0.21 0.44 - 0.13 0.25 0.09 0.21 0.04 0.09 0.06
Ap 0.05 0.09 0.02 0.07 0.02 - 0.02 0.02 0.05 ■ -
Aq 1.08 2.59 5.17 0.78 2.38 1.80 1.17 0.65 0.81 1.51
Co 1.64 5.02 2.47 0.81 3.66 3.29 2.19 0.86 1.29 1-1.32
Cc 0.14 - 0.93 - - - 0.14 - - -
He 0.52 1.74 0.76 0.77 0.80 0.46 0.53 0.02 0.68 0.55
Ru 0.11 0.01 - 0.01 0.10 - - - 0.01 0.01
TOTAL 99.72 100.22 99.31 100.02 99.69 100.13 99.34 100.46 99.86 100.47
Table 5.7. Analyses of Rhyolitic Leva, Tuff and Breccia
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variation within their chemistry, apart from sample H83 
which is trachyte and contains very high K2O along with 
low SiO^. It will not be included therefore, in the 
discussion.
In comparison with the ’average rhyolites’ of Nockolds 
(1954), these rocks are more acidic. The SiOg and K2O 
contents (except sample H87) are higher. The TiÜ2 >
FeO, CaD (except sample H87), Na2Û and ^2 ^ 5  contents 
are lower. Normative corundum also increases with in­
creasing alteration.
5.1.10. Upper Basic Series (see table 5.8)
Unfortunately, only one sample has been analysed from 
this unit. The thin section study of the five samples 
collected from this series, show very little variation. 
Electron probe microanalyses of plagioclase and pyroxene 
crystals of two samples again show little variation.
The analysed sample contains the lowest normative 
quartz of all the samples with just over 1%. In com­
parison with Nockolds (1954) results it is close to ’normal 
tholeiitic basalts’ and ’Central Basalts’. The lower 
AI2O3 value being the only significant difference from 
the latter. Its FG2O2 ^2^ values are higher than
the average for all Nockolds (1954) basalts, while Ti02 
and FeO values are lower.
5.1.11. Quartz Basalt - Quartz Dolerite (see
table 5.9)
The eight analysed samples from these rocks contain 
approximately 2.6% CO2 « Hence some of the Ca is allotted 
to calculate normative calcite. Therefore, the excess
109 151 99
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79 95 43 89 95 41
SlOg 51.24 50.09 50.74 51.67 52.15 52.46 52.50 53.75 54.22
A12Q3 13.83 20.62 19.24 19.79 18.60 18.58 16.27 16.16 19.17
F'2°3 3.69 3.39 3.64 3.07 3,26 4.81 3.81 1.44 3.38
FeO 4.01 4.13 4.86 4.48 4.23 3.74 4.05 6.67 4.63
igO 7.69 3.20 2.25 2.92 4.23 4.12 6.33 3.68 2.67
CaO 10.74 8.05 5.93 8.34 7.09 8.89 9.44 8.55 8.26
NSgO 2.33 2.17 1.90 2.09 2.01 1.68 2.02 1.80 2.40
KgO 2.38 2.64 3.56 2.62 3.09 0.92 1.68 2.69 1.07
HgO* 1.27 1.01 3.74 1.02 1.08 1.28 1.04 0.62 0.84
HgO" 0.17 0.16 0.36 0.17 0.36 0.24 0.15 0.11 0.20
TiOg 0.62 0.74 0.93 0.75 0.71 0.74 0.73 0.68 0.85
P2O5 0.29 0.25 0.24 0.24 0.25 0.08 0.10 0.26 0.15
BnO 0.20 0.14 0.11 0.10 0.11 0.13 0.11 0.18 0.14
" 2 0.80 3.23 1.91 2.59 2.70 2.63 2.28 3.20 2.29
TOTAL 99.26 99.82 99,41 99.85 99.87 100.30 100.51 99.79 100.27
Trace elements:
Ba 230 990 1005 867 967 300 855 844 232
Co 46 22 19 32
Cr 416 15 13 30
Cu 129 133 143 93
Li 8 4 9 3
NI 103 5 4 15
Pb 23 33 32 50
Rb 58 77 104 104 134 36 35 105 31
Sr 510 606 298 502 401 225 316 387 226
Zn 97 88 90 103
Zr 31 29 82 47 61 60 46 68 59
Y 2 3 19 5 10 11 15 17 15
C.I.P.UJ. NORMS
Q 1.09 13.15 13.82 12.92 13.36 20.53 9.99 13.95 19.10
Or 14.06 15.60 21.03 15.48 18.26 5.44 9.93 15.69 6.32
Ab 19.71 18.35 16.07 17.68 17.00 14.21 17.08 15.22 20.30
An 20.25 17.88 15.77 23.43 16.47 26.95 30.37 20.49 25.52
(U/o 10.88 - - - - - 0.58 - -
DifEn 8.21 - - - - - 0.43 - -
(Fa 1.57 - - - - - 0.09 - -
(En 10.93 7.97 5.60 7.27 10.53 10.26 15.33 9.16 6.65
2.09 3.82 4.59 4.64 4.11 1.91 3.20 10.27 4.57
It 5.35 4.92 5.28 4.45 4.73 6.97 5.52 2.05 4.90
Ilm 1.18 1.41 1.77 1.42 1.35 1.41 1.39 1.29 1.61
Ap 0.69 0.59 0.57 0.57 0.59 0.19 0.24 0.62 0.36
Aq 1.44 1.17 4.10 1.19 1.44 1.52 1.19 0.73 1.04
Co - 7.64 6.48 4.93 5.91 4.94 - ■ 2.78 4.71
Ce 1.82 7.35 4.34 5.89 6.14 5.98 5.19 7.28 5.21
He -
Ru -
TOTAL 99.28 99.84 99.42 99.86 99.89 100.31 100.52 99.61 100.28
Tabla 5.8(A) 
Analyse* of 
Upper Drifilc 
Swrloa
Table 5.9(B) Analyses of Quartz Basait - 
Quartz Dole rite
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SlOg 73 .6 6 7 4 .57 7 2 .3 1 70 .15 6 6 .2 7 63 .58 5 8 .31 61.95 61.65 54 .02
TiOg 0 .2 2 0 .1 7 0 .4 2 0 .4 2 0 .6 6 0 .6 4 0 .6 6 0 .7 3 0 .52 1 .18
A I2O2 1 3 .4 5 12.58 10 .88 1 4 .4 1 1 5 .3 9 1 6 .6 7 18 .05 1 8 .03 17 .22 17 .22
FG2O3 1 .2 5 1 .3 0 2 .9 2 1 .6 8 2 .1 4 2 .2 4 2 .5 4 2 .3 3 3 .16 3 .8 3
FeO 0 .7 5 1 .0 2 2 .4 2 1 .5 5 2 .2 3 3 .0 0 2 .0 2 1 .5 1 1 .81 3 .98
iïlnO 0 .0 3 0 .0 5 0 .1 4 0 .0 6 0 .0 7 0 .1 1 0 .1 4 0 .1 3 0 .19 0 .1 2
lYlgO 0 .3 2 0 .1 1 0 .1 6 0 .6 3 1 .5 7 2 .1 2 2 .0 7 0 .6 3 0 .4 5 3 .8 7
CaO 1 .1 3 0 .6 1 0 .6 8 2 .1 5 3 .68 5 .5 3 4 .2 5 1 .8 9 1 .58 6 .7 6
NagO 2 .9 9 4 .1 3 5 .1 7 3 .6 5 4 .1 3 3 .98 3 .8 5 6 .55 6 .92 3 .3 2
KgO 5 .3 5 4 .7 3 4 .4 2 4 .5 0 3 .0 1 1 .4 0 7 .38 5 .5 3 5 .80 4 .4 2
HgO* 0 .7 8 0 .6 6 0 .4 5 0 .6 8 0 .6 8 0 .5 6 0 .5 3 0 .5 4 0 .58 0 .7 8
^2°5 0 .0 7 0 .0 7 0 .0 3 0 .1 2 0 .1 7 0 .1 7 0 .2 0 0 .18 0 .12 0 .4 9
Q. 3 3 .2 31 .1 2 6 . 4 2 6 .1 2 0 .8 1 9 .6 - - - 0 .5
Or 3 1 .7 2 7 .8 2 6 .1 2 6 .7 17 .8 8 . 3 4 3 .9 32.8 34 .5 2 6 .1
Ab 2 5 .1 35 .1 3 1 .4 30 .9 35 .1 34 .1 28 .8 5 4 .0 5 0 .3 27 .8
An 5 . 0 2 .0 - 9 .5 1 4 .5 2 3 .3 9 .7 3 .3 - 1 9 .2
C 0 . 9
Ne - - - - - - 2 . 0 0 .6 3 .1 -
Ulo - 0 .1 1 . 4 0 .2 1 .3 1 .3 4 .2 2 .1 3 .0 4 .5
En 0 .8 0 . 3 0 . 4 1 .6 3 .9 5 . 3 3 .2 1 .6 1 .1 9 .7
Fs - 0 .6  . 4 .0 0 .8 1 .3 2 .8 0 .5 - 0 .8 2 . 4
Ac - - 8 . 3 - - - - - 1 .9 -
mt 1 . 9 1 .9 - 2 . 5 3 .0 3 .3 3 .7 3 .3 3 .7 5 .6
1 1 0 .5 0 .3 0 . 8 0 . 8 1 . 4 1 . 2 1 . 2 1 .4 0 .9 2 .3
Fo - - - - - - 1 .4 - - -
Fa - - - — - - 0 . 2 - -
Ap 0 . 2 0 . 2 0 . 1 0 . 3 0 . 3 0 .3 0 .5 0 .4 0 . 3 1 . 2
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Table 5.10. Average analyses of various rocks from 
NOCKOLDS (1954)
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SiOg 54.20 51.43 47.63 50.83 47.90 45.78 46.77 43.69 51.33
TiOg 1.31 2.60 2.84 2.03 1.65 2.63 3.00 2.12 1.10
17.17 13.05 14.57 14.07 11.84 14.64 14.65 9.06 18.04
^®2°3 3.48 3.36 3.97 2.88 2.32 3.16 3.71 3.46 3.40
FeO 5.49 9.74 7.83 9.05 9.80 8.73 7.94 9.43 5.70
lYlnO 0.15 0.19 0.18 0.18 0.15 0.20 0.15 0.16 0.16
fflgO 4.35 5.28 7.25 6.34 14.07 9.39 6.82 19.68 6.01
CaO 7.92 8.78 9.48 10.42 9.29 10.74 12.42 9.18 10.07
Na2Û 3.67 3.18 3.75 2.23 1.66 2.63 2.59 1.49 2.76
KgO 1.11 1.04 1.20 0.82 0.54 0.95 1.07 0.69 0.82
H2O+ 0.86 0.87 0.78 0.91 0.59 0.76 0.51 0.74 0.45
P2O5 0.28 0.48 0.52 0.23 0.18 0.39 0.37 0.30 0.16
Q ’ 5.7 3.2 - 3.5 2.2
Or 6.7 6.1 7.2 5.0 2.8 6.1 6.7 3.9 5.0
Ab 30.9 27.2 27.2 18.9 14.1 18.3 19.4 11.0 23.6 •
An 27.2 18.1 19.5 25.9 23.4 24.7 25.0 16.1 33.9
Ne - - 2.3 2.3 1.4 0.9
Uio 4.2 9.2 10.1 10.3 9.1 10.8 14.2 11.5 6.4
En 10.9 13.2 6.8 15.8 20.5 7.1 9.4 8.4 15.0
Fs 5.3 11.1 2.5 11.2 7.9 2.9 3.7 2.0 6.1
Ac - - -
mt 5.1 4.9 5.8 4.2 3.3 4.6 5.3 5.1 4.9
11 2.4 5.0 5.3 3.8 3.3 5:0 5.8 4.0 2.1
Fo - - 8.0 10.3 11.5 . 5.4 28.6
Fa - - 3.3 4.4 5.0 2.1 7.1
Ap 0.7 1.1 1.2 0.5 0.4 1.0 0.9 0.6 0.3
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^^2^3 Si02 are left as corundum and quartz respect­
ively. The rocks are named Quartz Basalt - Quartz 
Dolerite, to account for the high amount of normative 
quartz.
The chemical differences of these rocks in comparison 
with the 'Average Basalts' are their high Si02, AI2O2 
K2O and lorn FeO, lYlgO, CaO and Ti02 values.
5.1.12. Variation Diagrams
Different types of diagrams were used in the inter­
pretation of chemical analyses of the rocks, and to see 
if the various rock-types have or have not evolved from 
the same parent magma. The traditional 'Marker' type 
of variation diagrams where oxide percentages are plotted, 
usually, against silica, were used for all rocks of the 
studied area and these are shown in Figs. 5.1-5.9.
Marker diagrams have been widely used in the inter­
pretation of analytical data, and the smooth curves of 
such diagrams have been interpreted to represent trends 
of magmatic evolution. Mowever, these diagrams have been 
critically discussed by various authors. Bowen (1928), 
pointed out that such an interpretation is valid for dia­
grams based on the chemistry of homogeneously fine-grained, 
and glassy volcanic rocks only; coarse grained or porphy- 
ritic rocks should be excluded because their composition 
is likely to have been affected partly by crystal accumulation
Recently, Chayes (1962 & 1964), Touminen (1964) and 
Pearce (1968 & 1970) have also expressed doubts about 
the significance of trends on Marker diagrams. According
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to Chayes these trends may be due to many factors other 
than a genetic relationship between the variables.
Chayes (1949) and Tuominen (l954) also question the adequacy 
of the common ratio diagrams. However, Tuuminen suggests 
the use, in cation percentages, of ratio diagrams on a
logarithmic scale, Pearce (1958) disputes the view that
Marker diagrams "can generate" trends from complete 
compositional chaos" as was suggested by Chayes (1964). 
Mowever, Pearce agrees with Chayes and Tuominen that Marker
diagrams cannot be readily used to discriminate between
rival hypotheses and, for this purpose, recommends the 
use of molar ratio comparisons in which one of the com­
ponents (the divisor) is a constant. Pearce points out 
that a Marker diagram, where Si02 is plotted against one 
other major oxide, is in fact a part of a right-angled 
ternary diagram, the third component being all the other 
constituents•
Kuno (1968) noted that the silica-variation diagram 
has the disadvantage of emphasizing variation in the late 
stage of fractionation much more than that in the early 
to middle stages, especially for the high-iron-concentration 
type of fractionation. Me suggests using the solidi­
fication index (Sl) instead of Si02, which is the percent­
age of lYlgO in lYlFA diagram (SI=[YlgO x 100/lYlgG + Fe0 + Fe202+
I\la20 + K20) to at least partly remove this disadvantage,
lYlore recently Wright (1974) regards the complete set 
of oxide/element variation diagrams to be the best means 
of presenting all of the chemical data and providing a 
basis for formulating, mixing, fractionation, and melting
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hypotheses. He favours the use of lYlgO as the abscissa.
Larsen (1938) plotted oxide percentages against l/3 
Si02+K20-Fe0-Mg0-Ca0 , as a correlation of chemistry with 
the presumed order of magmatic evolution. Nockolds and 
Allen (1953 & 1954) modified this by plotting ionic 
percentages against l/3Si + K-Ca-flflg to show the variation 
of minor and trace elements in relation to major components 
and show any enrichment in iron.
The differentiation index (Dl) proposed by Thornton 
and Tuttle (i960) is one of the indices used to study 
magmatic evolution. It is the sum of the CIPUÜ normative 
salic comonents (quartz, albite, orthoclase, nepheline, 
leucite and kalsilite).
Figs. 5.1-5.9 show the plots of major oxides against 
Si&g. Whatever the significance of Marker diagrams, they 
have been used to show the existence of trends for the 
oxides plotted of the 53 analysed samples which were 
collected for the present study from the Marsit-KbprUbasi 
area. The lack of basic varieties in the Lower Basic 
Series, and the younger age of the Upper Basic Series and 
the Quartz Basalts - Quartz dolerite should be kept in mind 
when these trends are interpreted.
AI2O3 decreases with increasing SiO^ with the exception 
of sample M1Ü9 from the Upper Basic Series, which shows 
lower AI2O2 . This decrease is more apparent with the 
higher SiÛ2 content.
Total iron (i.e. Fe20g+FeO) plotted against SiO^, 
shows the best variation trend of the Marker type diagrams.
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Figs, 5.1, 5.2 & 5.3. Plot of SiO? against oxide percentages, 
for AlgO-, total iron (UDFE) and lYlgO.
o Lower Basic Series, ♦ Quartz Andesite-Quartz 
Trachyandesite, ♦ Dacitic-Rhyodacitic Pyroclastics,
♦ Dacite-Rhyodacite, □ Hyalo-Quartz Albitophyre,
ffi Hyalo Rhyodacite-Hyalo Rhyolite, r Rhyolitic 
Lava, Tuff and Breccia,
H Upper Basic Series, b Quartz 
Basalt-Quartz Dolerite.
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Total iron decreases as SiÜ2 increases. Only the 
trachytic sample H83 varies from this trend.
lYlgO shows a sharp decrease with increasing Si02> 
with lower contents of Si02» but stabilizes above 75%
Si02« If we exclude the younger rocks of the Quartz - 
Basalt - Quartz Dolerite and especially the Upper Basic 
Series this deviation becomes much less,
CaO shows a decrease with increasing Si02> from the 
beginning until the end, if we exclude the Quartz Basalt - 
Quartz Dolerite which occur below this line. Lower Basic 
Series shows a very good trend to this line, while Rhyolitic 
lava, tuff and breccia do not show a noticeable decrease.
Na20 shows a scatter of points.
K2O shows a sharp decrease with increasing Si02 for 
the younger and basic rocks of the investigated area.
If we exclude these rocks, it shows an increase as Si02 
increase, however the plot is very scattered.
Ti02 generally shows a gradual decrease with increas­
ing SiÜ2 , however the Upper Basic Series is slightly off 
this trend.
decreases as Si02 increases, especially at the 
acidic end of the diagram. The basic rocks show a scatter 
of points.
A plot of total alkali (as Na2Û + against SiÜ2
is the most important of the Marker type diagrams, because 
it distinguishes different types of fractionation (Kuno 
1968). Na2Û + ^2  ^ decreases with increasing Si02 within 
the range 50% until 58.45% Si&g. However, the plot as
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Fig. 5.1.
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a whole is very scattered and shows a high value of Na2Û 
+ K2O between 60 and 75^ SiO^. The alkali values are 
higher at the high SiÜ2 end of the diagram. The decrease 
of the alkalis in the basic rocks as Si02 increases, 
might be due to a lack of analyses, because if the whole 
diagram is considered, the Na2Û + K2O increases with 
increasing Si02 until 65^-70^.
Variations of the major oxides against the solidifi­
cation index (SI=lïlgü x lüü/fïlgü + FeO + Fe2Û2 + Na2Ü + K^O) 
are shown in Figs, 5.10-5.18. The solidification index 
of the Harsit-Kbprbbasi rocks ranges between 38.26 and 
0.48, from basic to acidic rocks.
Si02 generally increases from the early to the late 
stages of the fractionation and in the very late stages 
where the solidification index becomes about 5, it rises 
rapidly. Three of the ten Dacite - Rhyodacite samples, 
which yield a rather high solidification index, are 
slightly out of the general trend. Due to the low solidi­
fication index of some of the Quartz Basalt - Quartz 
Dolerite, these rocks do not show an increase of Si02 
between them.
AI2O2 increases in the early stages until the solidi­
fication index becomes about 20, and then it decreases.
This decrease becomes very sharp in the late stages (SI 5).
FeO + F6202 generally decreases from the early to 
the late stages of the fraction with the exception of the 
three Dacite - Rhyodacite samples.
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The fïlgO plot against the solidification index, is 
the best trend of these variation diagrams, due to the 
role played by Magnesium in the SI, Even so, the three 
Dacite - Rhyodacite samples are off the general trend. 
lYlgO and CaO decrease from the early to the late stages.
Na^O increases from the early stage until the solidi­
fication index becomes about 5 and thereafter decreases 
rapidly. This is due to the replacement of the plagio- 
clase by microcline in the acidic rocks.
KgO increases slowly from the early stage until the 
late stage where the solidification index becomes about 
6 and thereafter rises rapidly.
TiÜ2 shows a scatter of points in the early stages 
and decreases in the late stages of the fractionation.
PgOg shows a scatter of points.
Fig. 5.19 is an lYlFA diagram for the rocks of the 
Harsit-Kbprübasi area. The general trend of the volcanic 
rocks of the area is close to the trend of the hypersthenic 
rock series of the aphyric rocks of the Izu-Hakone region 
of Japan. It shows less FeO + Fe20g enrichment relative 
to Na2 + K2O and MgG in comparison with the Skaergaard 
trend.
5.1.13 Petrochemistry
The petrochemical study of the volcanic rocks of the 
Harsit-KbprUbasi area revealed that there is a broad 
similarity with the calc-alkali rock series of orogenic 
belts. The volcanic rocks of the investigated area, are 
the products of three cycles of volcanic activity, but
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only the first cycle range from quartz andesitic basalt 
to rhyolite. The other tiuo cycles are represented by 
their basic members only.
The volcanic rocks of the Harsit-Kbprlibasi area are 
very similar to the Japanese field occurrences of the 
alkali, calc-alkali and tholeiite basalts which were 
described by Kuno (1959) as far as their chemistry is 
concerned. Most samples plot in the calc-alkaline and 
high-K calc-alkaline series of Peccerillo and Taylor (1976) 
on the K20/Si02 diagram (Fig. 5.20). It has been shown 
in the alkali-silicadiagram (Fig, 5.9) that the scatter 
points of the volcanic rocks of the Harsit-KBprUbasi area 
are distributed in all three fields defined by Kuno (1966) 
as alkali, hioh-alumina basalt and tholeiite, but most 
of the plots are in the tholeiitic field of Macdonald and 
Katsura (1964) for Hawaiian basaltic rocks.
Kuno (1963) pointed out that the diversity of the 
fractionation trend in the rock series starting from the 
sane type of parent magma is best displayed by the vari­
ation of 5iÛ2 and FeO + ^^2^3 against a solidification 
index. The Harsit-KBprbbasi rocks demonstrate very 
similar features to the calc-alcalic hypersthenic rock 
series of aphyric rocks of the Izu-Kakane region of Japan 
when Si02 and especially FeO + Fe20^ are plotted against 
the solidification index, and also on the MFA diagram.
The orthopyroxene is the characteristic mineral of 
the hypersthenic rock series (Kuno, 1966). It is widely 
distributed in the volcanic rocks of the studied area with 
the exception of the Upper Basic Series in which olivine 
is the only mafic mineral accompanying the clinopyroxenes,
1 0  0
o
o
o
oo
o
o
LTIr^
o
o
-o T3 o
o
Lno
o
o
oo
o
o
LPLn
-o
oo
o
unX )
r\j
o
en
TD
c
ta
• H
A
0
O
ü
0
CL Ln
(-> •
0 en
4 - î  - H
0 -  Li_ 
0
'— c
• H
CM  
O 0 
• H  0
en
>N
-p 0 
0 bX
c
• H
0
en • 
0
LO
o  r-
CM T>
r H
Ct_
o M
G
- P  r H  
G  > .
1—I 0 
OL h-
a
CM
in
en
• H
OO OO
00
o
o
o
o
o
o
o
101
Ths basic varieties of the Lower Basic Series contain 
more orthopyroxene hy comparison with the Quartz Basalts - 
Quartz Dolerites, despite the fact that the latter rock 
unit contains less SiO^. The ratio of the orthopyroxene 
to clinopyroxene in the rocks ranging from quartz andesi­
tic basalt to rhyolite, increases from basaltic to andes­
itic rocks, no pyroxene having been found in the dacitic 
or rhyolitic rocks.
5.1.14 Variation Diagram for the Trace Elements
Variations of trace elements against the Modified 
Larsen Factor (3 Si + K - Ca - lYlg) are presented in Figs. 
5.2L-5.32. The Modified Larsen Factor of the rocks of the 
Harsit-KbprUbasi area ranges from -2.24 to 19.98. Ba,
Rb, Sr, Y and Zr are plotted for 55 samples, while Co,
Cu, Cr, Mi, Li, Pb and Zn are plotted for only 18 samples. 
The two samples H5B and H87 which show unusual enrichment 
of Ba due to the barites, are not included in the Ba plot. 
Ba, as a general feature at the beginning, showing a de­
crease as the Modified Larsen Factor increases; until 
this factor becomes 7 and then increases with an increase 
of the Factor. Pb, Rb, V, Zr and Li are increasing as 
the Modified Larsen Factor increases; Zr and Li show 
decrease as this factor becomes 13 and 14 respectively,
Zn, Sr, Co, Cu, Ni and Cr values decrease as the Modified 
Larsen Factor increases. The trend is very smooth for 
the first two elements, but eventually shows a rapid 
decrease in the basic rocks, where the factor is rather 
small, from one element to another, the rapid fall to Ni 
from 103 ppm to 15 ppm, and the very rapid fall of Cr 
from 416 ppm to 30 ppm in less than 5 Modified Larsen
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the Modified Larsen Factor (J Si+K-Ca-Iïlg).
Key as in Fig. 5.1.
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Figs. 5.24, 5.25 & 5.26. Plot of Y, Zr and Co against the
Modified Larsen Factor (i Si+K-Ca-Iïlg) . Key as
in Fig. 5.1.
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Figs. 5,27, 5.28 & 5.29. Plot of Cu, Cr and Ni against
the Modified Larsen Factor Si+K-Ca-Mg).
Key as in Fig. 5.1.
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Figs. 5.30, 5.31 & 5.32. Plot of Li, Pb and Zn against
the Modified Larsen Factor ( 3  Si+K-Ca-IYlg).
Key as in Fig. 5.1.
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Factors increase, is due to the significant amount of Ni 
and Cr in< the clinopyroxenes of the Upper Basic Series.
5.2. Mineralogy of the Country Rocks
5.2.1. Introduction
As mentioned in the previous chapter, the pétrographie 
determinations of the most abundant rock-forming minerals 
were supported by electron probe microanalyses. In all, 
110 electron probe microanalyses from various rock units 
existing in the investigated area were completed. Most 
of the analyses were carried out on the plagioclase pheno- 
crysts which is the most abundant of all minerals in the 
various rock units. This section will deal mainly with 
the chemical aspects of the minerals, as their optical 
properties are given in the previous Chapter.
5.2.2. Plaqioclases
The plagioclases are the most widespread of all the 
minerals in the country rocks. Although they are present 
in all of the thin sections studied they have not been 
analysed for, in two rock units, due to their very fine­
grained nature. The analyses of 66 plagioclases from 7 
different rock units are presented in table 5.11. and are 
plotted together with B feldspar analyses in Fig. 5.33.
Due to the high Sr and Ba content of some rock samples, 
these two elements were also included in the analyses: 
but omitted from the tables because no significant amount 
has been detected. Albitization appears to be one of the 
characteristic alterations of the plagioclases in the 
country rocks, and is especially widespread in some rocks 
of the Lower Basic Series and the Dacite - Rhyodacites.
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1/1 1/2 8/1 8/2 8/3 8/4 8/5 22/1
S1Ü2 49.06 68.51 50.32 49.13 46.69 45.03 52.36 55.11
AI2O3 31.88 20.15 30.07 30.82 33.15 33.34 28.73 28.84
0.72 0.00 0.56 0.54 0.64 0.66 1.02 0.41
lYlgü 0.03 0.00 0.00 0.00 0.00 0.01 0.11 0.03
CaO 16.00 0.01 14.67 15.50 17.35 18.57 13.14 11.23
Na^O 2.28 11.60 3.63 2.64 1.17 0.91 3.78 4.85
K2O 0.15 0.12 0.07 0.09 0.01 0.01 0.18 0.13
7102 0.02 0.00 0.00 0.00 0.00 0.00 0.03 0.01
lYlnO 0.00 0.00 0.03 0.00 0.05 0.03 0.00 0.00
TOTAL 100.14 100.39 99.35 98.72 99.06 98.56 ' 99.35 100.61
Number of Ions on the Basis of 32 (0)
Si 8.979 11.916 9.268 9.109 8.661 8.447 9.588 9.876
A1 6.879 4.132 6.529 6.737 7.250 7.374 6.203 6.093
Fe + 3 0.100 0.000 0.077 0.076 0.090 0.093 0.141 0.055
lYlg 0.008 0.000 0.000 0.000 0.000 0.003 0.030 0.008
Ca 3.138 0.002 2.895 3.079 3.449 3.733 2.578 2.156
Na 0.809 3.912 1.296 0.949 0.421 0.331 1.342 1.685
K 0.035 0.027 0.016 0.021 0.002 0,002 0.042 0.030
Ti 0.003 0.000 0.000 0.000 0.000 0.000 0.004 0.001
lYln 0.000 0.000 0.005 0.000 0.008 0.005 0.000 0.000
Z 15.96 16.05 15.87 15.92 16.00 15.91 15.94 16.03
X 3.99 3.94 4.21 4.05 3.88 4.07 3.99 3.88
moi.%
Ab 20.3 99.3 30.8 23.4 10.8 8.1 33.6 43.4
An 78.8 0.0 68.8 76.1 89.1 91.8 65.3 55.8
Or 0.9 0.7 0.4 0.5 0.1 0.1 1.1 0.8
Tabl e 5.11a . Plagia clase ana lysBS of Lower Basic Se ries
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22/2 22/3 22/4 22/5 22/6 22/7 33/1 33/2
SlOg 54.69 54.83 55.11 57.67 53.95 55.61 49.03 47.23
A1202 29.05 28.99 28.66 27.27 28.07 28.16 31.35 32.50
0.42 0.37 0.50 0.60 0.60 0.53 0.79 0.74
lïlgü 0.03 0.04 0.04 0.06 0.04 0.04 0.03 0.00
CaO 11.59 11.40 11.18 8.96 10.57 10.61 15.91 17.13
NagO 4.75 4.62 5.11 6.04 5.04 5.00 2.36 1.76
KgO 0.12 0.16 0.15 0.32 0.13 0.28 0.06 0.04
1102 0.00 0.01 0.02 0.02 0.03 0.01 0.01 0.01
WnO 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
TOTAL 100.65 100.42 100.77 100.94 98.43 100.24 99.55 99.44
Number of Ions on the Basis of 32 (o)
Si 9.811 9.845 9.875 10.251 9.887 9.992 9.026 8.741
A1 6.144 6.137 6.055 5.715 6.065 5.966 6.804 7.092
re+3 0.057 0.050 0.067 0.080 0.083 0.072 0.109 0.104
Hflg 0.008 0.011 0.011 0.016 0.011 0.011 0.008 0.000
Ca 2.228 2.193 2.147 1.707 2.076 2.043 3.138 3.397
Na 1.652 1.609 1.775 2.082 1.791 1.742 0.842 0.632
K 0.027 0.037 0.034 0.073 0.030 0.064 0.014 0.009
Ti 0.000 0.001 0.003 0.003 0.004 0.001 0.001 0.001
Ilfln 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.005
Z 16.01 16.03 16.00 16.05 16.04 16.03 15.94 15.94
X 3.92 3.85 3.97 3.88 3.91 3.86 4.00 4.04
moi.%
Ab . 42.2 41.8 44.7 53.7 45.8 45.1 21.0 15.7
An 57.1 57.2 . 54.4 44.4 53.4 53.2 78.6 84.1
Or 0.7 1.0 0.9 1.9 0.8 1.7 0.4 0.2
Table 5.11a Continued
Si0 2
[YlgO
CaO
Na^O
KgO
TiOo
InO
Si
A1
F b
lYlg
Ca
Ma
K
Ti
+ 3
Z
X
Kol.%
Ab
An
Or
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33/3 33/4 33/5 33/6 57/1 57/2 5 7/3
45.13 46.80 47.24 46.20 48.29 47.37 49.49
33.48 32.94 32.34 32.20 31.01 31.55 30.44
0.70 0.68 0.72 0.84 0.70 0.60 0.70
0.01 0.01 0.00 0.05 0.02 0.00 0.03
18.16 17.57 17.10 17.65 15.94 16.62 15.08
1.25 1.41 2.07 1.31 2.25 2.05 2.76
0.03 0.03 0.04 0.09 0.05 0.03 0.05
0.00 0.01 0.01 0.01 0.00 0.00 0.02
0.06 0.03 0.04 0.02 0.03 0.03 0.06
99.82 99.48 99.56 98.49 98.29 98.25 98.63
if Ions on the Basis of 32 (0)
8.532 8.662 8.744 8.653 9.007 8,862 9.176
7.301 7.188 7.057 7.137 6.820 6.959 6.654
0.097 0.094 0.101 0.119 0.098 0.084 0.098
0.003 0.003 0.000 0.014 0.006 0.000 0.008
3.599 3.485 3.391 3.542 3.186 3.332 2.996
0.448 0.506 0.743 0.476 0.814 0.744 0.992
0.007 0.007 0.009 0.022 0.012 0.007 0.012
0.000 0.001 0.001 0.001 0.000 0.000 0.003
0.009 0.005 0.006 0.003 0.005 0.005 0.009
15.93 15.95 15.90 15.91 15.93 15.91 15.93
4.07 4.01 4.15 4.06 4.02 4.09 4.02
11.0 12.6 17.9 11.7 20.2 18.2 24.7
88.8 87.2 81.9 87.7 79.5 81.6 75.0
0.2 0.2 0.2 0.6 0.3 0.2 0.3
Table 5.11 a Continued
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H2/1 H2/2 H2/3 H2/4 H2/5 H2/6
SiOg 55.59 56.57 56.16 53.80 59.39* 57.13
AljOj 26.92 25.32 26.30 27.66 25.16 26.50
F8203 0.43 0.42 0.44 0.59 0.36 0.44
lYlgO 0.00 0.00 0.00 0.00 0.00 0.00
CaO 10.27 9.33 9.56 11.44 7.07 9.31
Na20 5.05 6.00 5.44 4.74 6.36 5.63
K^O 0.72 1.06 0.77 0.56 1.21 0.90
Ti02 0.03 0.04 0.03 0.02 0.02 0.03
lYInQ 0.03 0.06 0.04 0.00 0.01 0.03
TOTAL 99.05 98.80 98.74 98.81 99.58 99.97
Number of Ions on the Basis of 32 (o)
Si 10.124 10.345 10.245 9.870 10.663 10.288
A1 5.780 5.459 5.656 5.983 5.326 5.626
Fe + 3 0.059 0.058 0.061 0.081 0.048 0.060
fYlg 0.000 0.000 0.000 0.000 0.000 0.000
Ca 2.004 1.828 1.869 2.249 1.360 1.796
Na 1.787 2.127 1.924 1.686 2.214 1.966
K 0.167 0.247 0.179 0.131 0.277 0.207
Ti 0.004 0.006 0.004 0.003 0.003 0.004
(Yin 0.005 0.009 0.006 0.000 0.002 0.005
Z 15.97 15.87 15.97 15.94 16.04 15.98
X 3.96 4.21 3.98 4.07 3.85 3.97
moi.%
Ab 45.1 50.5 48.4 41.5 57.5 49.5
An 50.7 43.6 47.1 55.3 35.3 45.3
Or 4.2 5.9 4.5 3.2 7.2 5.2
Ta ble 5.11b Plagie clase analyses of Quartz
Andesi te-Quart z Trachy andésite
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88/1 88/2 88/3 88/4 88/5
SiOg 57.52 58.79 57.19 57.03 57.68
27.03 25.59 26.26 27.03 26.98
F6203 0.19 0.18 0.19 0.18 0.17
lYlgO 0.00 0.00 0.00 0.00 0.00
CaO 8,65 8.51 9.50 9.17 9.30
Na20 6.52 6.75 5.90 6.50 6.39
K%0 0.29 0.30 0.26 0.29 0.21
TiOz 0.00 0.01 0.01 0.01 0.01
lYlnO 0.00 0.01 0.00 0.00 0.00
TOTAL 100.20 100.14 99.31 100.21 100.74
Number of Ions on the Basis of 32 (o)
Si 10.293 10.515 10.333 10.230 10.279
A1 5.703 5.396 5.594 5.717 5.669
Fe^^ 0.025 0.024 ■ 0.026 0.024 0.022
(Ylg 0.000 0.000 0.000 0.000 0.000
Ca 1.659 1.631 1.839 1.763 1.776
N a 2.262 2.341 2.067 2.261 2.208
K 0.066 0.068 0.060 0.066 0.048
Ti 0.000 0.001 0.001 0.001 0.001
lYln 0.000 0.002 0.000 0.000 0.000
Z 16.02 15.94 15.95 15.97 15.97
X 3.99 4.04 3.97 4.09 4.03
Mol.%
fib 56.7 57.9 52.1 55,3 54.8
An 41.6 40.4 46.4 43.1 44.0
Or 1.7 1.7 1.5 1.6 1.2
Table 5.11c Plagioclase analyses of 
Pyroclastics.
Dacitic-Rhyodacitic
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46/1 46/2 46/3 46/4 47/1 47/2 47/3 47/4 47/5 47/7 47/8
SiOg 68.16 58.35 58.36 68.40 59.05 60.17 60.23 59.09 59.61 59.19 58.83
AI2O3 20.53 26.45 26.73 20.60 26.03 24.79 24.66 25.97 25.72 25.53 26.02
•"®2°3 0.00 0.19 0.17 0.00 0.14 0.11 0.13 0.12 0.16 0.12 0.12
lïlgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00
CaO 0.35 8.51 8.73 0.40 7.38 7.11 7.05 7.24 7.23 7.88 7.77
NagO 11.35 6.19 6.35 11.08 7.34 7.54 7.48 7.26 7.05 6.81 6.74
K20 0.02 0.31 0.31 0.02 0.43 0.44 0.49 0.46 0.43 0.42 0.42
TiOg 0.00 0.00 0.00 0.01 0.01 0.00 0.02 0.01 0.00 0.02 0.00
DflnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 100.41 100.00 100.65 10&51 100.38 100.16 100.06 100.15 100.20 100.01 99.88
Number of Ions on the Oasis of 32 (0)
51 11.85310.43110.382 U .8 68 10.521 10.72610.745 10.543 10.613 10.573 JO.521
A1 4.209 5.575 5.606 4.214 5.468 5.210 5.187 5.463 5.399 5.379 5.486
Fs+3 0.000 0.025 0.022 0.000 0.019 0.015 0.018 0.016 0.021 0.016 0.016
lïlg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.019 0.000
Ca 0.065 1.630 1.664 0.074 1.409 1.358 1.348 1.384 1.379 1.509 1.489
Na 3.827 2.146 2.190 3.728 2.536 2.606 2.587 2.512 2.434 2.360 2.337
K 0.004 0.071 0.070 0,004 0.098 0.100 0.112 0.105 0.098 0.096 0.091
Ti 0.000 0.000 0.000 0.001 0.001 0.000 0.003 0.001 0.000 0.003 0.000
Hfln 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
16.05 16.03 16.01 16.08 16.01 15.95 15.95 15.02 16.03 15.97 16.02
X 3.90 3.85 3.92 3.81 4.04 4.06 4.05 4.00 3.91 3.98 3.92
moi.%
Ab 98.2 55.8 55.8 98.0 62.8 64.1 63.9 62 .8 62.2 59.2 ' 59.7
An 1.7 42.4 42.4 1.9 34.9 33.4 33.3 34.6 35.3 38.4 38.0
Or 0.1 1.8 1.8 0.1 2.4 2.5 2.8 2.6 2.5 2.4 2.3
Table 5.lid Plagioclase analyses of Dacite- Rhyodacite.
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109/1 109/2 109/3 123/1 12 3/2
S i O g 50.95 51.80 51.86 50.92 50.98
30.07 29.79 29.68 29.91 30.24
1.23 1.18 1.17 1.07 1.13
lYIgO 0.09 0.09 0.09 0.15 0.12
CaO 12.75 12.80 12.92 13.35 13.54
Na^O 3.79 4.04 3.59 3.49 3.28
K2O 0.54 0.64 0.57 0.56 0.59
T i Ü 2 0.06 0.06 0.05 0.04 0.06
lYlnO 0.00 0.00 0.00 0.00 0.01
TOTAL 99.48 100.40 99.93 99.49 99.95
Numbe r of Ions on the Basis of 32 (0)
Si 9.350 9.425 9.460 9.350 9.319
A1 6.506 6.390 6.383 6.475 6.517
Fe + 3 0.170 0.161 0.160 0.147 0.156
lYlg 0.025 0.024 0.024 0.041 0.033
Ca 2.507 2.495 2.525' 2.627 2.652
Na 1.349 1.425 1.270 1.243 1.163
K 0.126 0.149 0.133 0.131 0.138
Ti 0.008 0.008 0.007 0.006 0.008
lYln 0.000 0.000 0.000 0.000 0.002
Z 16.03 15.98 16.01 15.98 ’ 16.00
X 4.01 4.09 3.95 4.04 3.99
moi.%
Ab 33.6 34.8 32.1 30.8 29.2
An 63.2 61.6 64.5 66.0 67.4
Or 3.2 3.6 3.4 3.2 3.4
T able 5.lie Plagioclase analyses of Upper Basic
Series.
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H41/1 H41/2 41/3 41/4 41/5 41/6 41/7 41/8
SiOg 52.86 49.76 46.94 47.80 45.79 47.14 47.25 48.04
A1203 28.54 30.82 32.90 31.17 32.39 32.20 32.02 31.82
^®2°3 1.09 0.74 0.57 0.79 0.78 0.77 0.81 0.51
lïlgO 0.11 0.03 0.00 0.03 0.02 0.02 0.03 0.01
CaO 12.86 15.21 17.41 16.62 17.97 17.13 17.01 16.46
Na2Û 3.97 2.83 1.50 2.15 1.46 1.72 1.97 2.12
K2O 0.16 0.11 0.04 0.07 0.04 0.05 0.06 0.09
Ti&g 0.04 0.01 0.00 0.02 0.01 0.02 0.00 0.02
lïlnO 0.07 0.00 0.04 0.01 0.05 . 0.06 0.03 0.04
TOTAL 99.70 99.51 99.41 98.66 98.51 99.11 99.18 99.11
Number of Ions on the Basis of
Si 9.642 9.150 8.689 8.912 8.593 8.757 8.776 8.899
Al 6.138 6.681 7.180 6.852 7.166 7.053 7.012 6.949
Fe+3 0.150 0.103 0.079 0.111 0.110 0.107 0.113 0.071
lYlg 0.030 0.008 0.000 0.008 0.006 0.006 0.008 0.003
Ca 2.513 2.997 3.453 3.320 3.613 3.410 3.385 3.267
Na 1.404 1.009 0.538 0.777 0.531 0.620 0.709 0.761
K 0.037 0.026 0.009 0.017 0.010 0.012 0.014 0.021
Ti 0.005 0.001 0.000 0.003 0.001 0.003 0.000 0.003
lYln 0.011 0.000 0.006 0.002 0.008 0.009 0.005 0.006
Z 15.94 15.94 15.95 15.88 15.87 15.92 15.90 15.92
X 4.00 4.04 4.01 4.12 4.17 4.06 4.12 4.06
Mol.%
Ab  ^ 35.2 25.0 13.4 18.8 12.8 15.3 17.2 18.8
An 63.9 74.4 86.4 80.8 87.0 84.4 82.5 80.7
Or 0.9 0.6 - 0.2 0.4 0.2 0.3 0.3 0.5
Table 5.11F Plagioclase analyses of Quartz Basalt-Quartz Dolerite.
115
41/9 41/10 76/1 76/2 76/3 79/1 79/2 79/3
SiOg 52.20 47.53 46.64 45.79 46.63 46.28 46.64 46.33
A1203 28.64 31.95 32.30 33.62 33.25 33.28 32.81 34.01
^®2°3 1.03 0.80 1.09 0.81 1.04 1.04 1.00 0.99
lYlgO 0.08 0.03 0.14 0.11 0.19 0.05 0.08 0.05
CaO 13.30 16.97 16.40 18.20 17.45 17.74 17.58 17.35
NagO 3.86 1.89 1.33 0.91 1.64 1.16 1.49 1.61
K2O 0.16 0.06 1.38 0.14 0.32 0.14 0.14 0.17
Ti&2 0.04 0.01 0.02 0.02 0.02 0.04 0.03 0.02
IMnO 0.05 0.03 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 99.35 99.27 99.30 99.60 100.54 99.73 99.77 100.53
Number of Ions on the Basis of 32 (o)
+ 3
Si
A1
Fe
lïlg
Ca
Na
K
Ti
lïln
Z
X
moi.%
Ab
An
Or
9.571 8.812 8.697 8.489 8.574 8.563 8.629 8.507
6.191 6.984 7.101 7.348 7.208 7.260 7.157 7.362
0.143 0.112 0.153 0.113 0.145 0.145 0.139 0.137
0.022 0.008 0.039 0.030 0.052 0.014 0.022 0.014
2.613 3.371 3.277 3.615 3.438 3.517 3.485 3.413
1.372 0.679 0.481 0.327 0.585 0.416 0.534 0.573
0.037 0.014 0.328 0.033 0.075 0.033 0.033 0.040
0.006 0.001 0.003 0.003 0.003 0.006 0.004 0.003
0.008 0.005 0.000 0.000 0.000 0.000 0.000 0.000
15.91 15.91 15.95 15.95 15.97 15.97 15.93 16.01
4.05 4.08 4.13 4.01 4.15 3.98 4.07 4.04
33.9 16.7 11.7 8.2 14.1 10.5 13.1 14.2
65.2 83.0 80.4 91.0 84.1 88.7 86.1 84.8
0.9 0.3 7.9 0.8 1.8 0.8 0.8 1.0
Table 5. Ilf Conti nued
1 1 6
Or
A n
Fig. 5.33. Or, Ab, An diagram for the feldspars of the 
Harsit-KttprUbasi area» Key as in Fig. 5.1.
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An albitized rim of plagioclase from the Lower Basic 
Series proved to contain 99.3 mole % albite, while the 
original plagioclase contain only 20.3 mole %, (table 
5.11a l/l-2). Similarly, replacement by albite in the 
Dacite - Rhyodacite rocks shows up to 98.2 mole % Ab; the 
original plagioclase remaining as islands within the al­
teration has only 55.8 mole % Ab (table 5.lid H46/1-4).
The plagioclase is zonal, the rims being less calcic 
than the cores, however while this difference in acidic 
rocks is less than 1.00 mole % (table 5.11c 88/4-5), in 
the basic rocks it reaches 22.5 mole % (table 5.Ilf 41/1-3).
The composition of the plagioclases, (excluding the 
3 albitized analyses which are up to 0.00 mole % An) 
ranges from 33.3-91.8 mole % An. The figure clearly shows 
that the amount of Or decreases with increasing An, with 
one exception, a small plagioclase in the sample H76 (table 
5 .Ilf 76/l) which contains 7.9 mole % Or, This Or value 
is even higher than the Or values of the acidic rock plagio­
clases. The second high value of Or in the high anortite 
field belongs to the same sample, however its value is 
relatively low with only 1.8 mole % Or.
The most striking feature of the Figure is the re­
latively high amount of Or, in the Quartz Andésite - Quartz 
Trachyandesite and in the Upper Basic Series. The amount 
of Or in the plagioclases of these rocks, exceeds 3.00 
mole while in the rest of the rocks with the exception 
of the sample H75 (table 5.Ilf 76/l) it is below this limit. 
They form two lines in the figure, one below and the other 
above the 3.00 mole % Or, however both lines are in the
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range of the plagioclases plotted by Deer e_t (1963).
Therefore, these two lines, possibly have been the result 
of the lack of sampling than any other cause.
,5.2.3. Alkali Feldspars
The alkali feldspars are less abundant than the plagio­
clases. Electron probe microanalyses of 8 alkali feld­
spars from three different rock units are shown in table 
5.12. They often partially replace the plagioclases to 
form microcline, and are also present as relatively small 
crystals of sanidine. Six of the eight analyses, which 
contain a high proportion of orthoclase (between 98,7- 
100.0 mole ^) are replacing the plagioclases of the Dacite • 
Rhyodacite and the Hyalo Rhyodacite - Hyalo Rhyolite rocks. 
The three of the analyses with 100.0 mole % orthoclase 
composition have completely replaced the plagioclases of 
the Hyalo Rhyodacite - Hyalo Rhyolite rocks; the three 
analyses with average 99.2 mole % orthoclase composition 
are replacing the plagioclases of andesine composition 
(between 33.3-38.4 mole % An) in the Dacite - Rhyodacite 
rocks. These six analyses, plot right on, or very close 
to the orthoclase corner of the triangular Or Ab An dia­
gram (Fig.5.33 ) and are not in the range of the alkali 
feldspars plotted by Deer e_t (1963).
The two sanidine analyses from the Quartz Trachyan- 
desite contain an average 0.15 % Ti02> which is rather 
high by comparison with the average sanidine. Deer ejb a_l. 
(1963). This might be due to the interference of barium; 
unfortunately, in that particular batch of analyses barium 
was not determined and in the later analyses although 
it was searched for it could not be found.
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2/7 2/8 47/6 47/9 47/10 92/1 92/2 92/3
SiOg 63.68 63.56 64.79 64.50 64.70 64.50 65.35 65.04
AI2O2 19.82 20.17 18.60 18.78 19.00 18.36 17.62 17.91
0.31 0.28 0.12 0.13 0.00 0.00 0.07 0.01
lYlgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 0.87 0.84 0.04 0.00 0.00 0.00 0.00 0.00
NagO 3.88 3.88 0.13 0.08 0.03 0.01 0.00 0.00
K2O 10.18 9.98 17.01 17.02 17.00 16.94 16.80 16.78
Ti02 0.12 0.18 0.00 0.00 0.00 0.01 0.01 0.01
lyinO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 98.86 98.89 100.69 100.51 100.73 99.82 99.85 99.75
Number of Ions on the Basis of 32 (o)
Si 11.703 11.662 11.941 11.910 11.908 11.979 12.111 12.067
A1 4.294 4.363 4.042 4.089 4.123 4.020 3.850 3.917
F8+3 0.043 0.039 0.017 0.019 0.000 0.000 0.009 0.001
flflg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.171 0.165 0.008 0.000 0.000 0.000 0.000 0.000
Na 1.383 1.380 0.046 0.029 0.011 0.004 0.000 0.000
K 2.387 2.336 4.000 4.010 3.992 4.014 3.972 3.972
Ti 0.017 0.025 0.000 0.000 0.000 0.001 0.001 0.001
lYln 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Z 16.06 16.09 16.00 16.02 16.03 16.00 15.97 15.99
X 3.94 3.88 4.05 4.04 4.00 4.02 3.97 3.97
moi.%
Ab 35.1 35.6 1.1 0.7 0.3 0.1 0.0 0.0
An 4.3 4.2 0.2 0.0 0.0 0.0 0.0 0.0
Or 60.6 60.2 98.7 99.3 99.7 99.9 100.0 100.0
T able 5.12. Alkali feldspar analyses of Quartz Andesite-Quartz
Trachyandesite (2), Dacite-Rhyodacite (47) and Hyalo 
Rhyodacite-Hyalo Rhyolite (92;.
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5.2.4. Clinopyroxenes
The clinopyroxene is the most abundant mafic mineral 
of the basaltic rocks of the Harsit-Küprübasi area.
Electron probe micoranalyses of 25 clinopyroxenes are 
presented in table 5.13. Nine of these are from the Lower 
Basic Series, nine from the Upper Basic Series and the 
remainder from the Quartz Basalt - Quartz Dolerite. The 
clinopyroxenes, together with orthopyroxenes are plotted 
on the pyroxene diagram (Fig.5.34).
All of the clinopyroxenes of the Lower Basic Series 
and Quartz Basalt - Quartz Dolerite plot in the augite field. 
However, only one of those from the Upper Basic Series 
plot in this field, one in the endiopside, and the re­
maining seven in the salite field. The two analyses 
which plot outside the salite field belong to the same 
crystal, the edge being in the augite (table 5.13b H109/5) 
and the core in the endiopside field (table 5.13bHlG9/6), 
Fe*^ + lYln are seen to decrease towards the core. The 
clinopyroxenes of the Lower Basic Series contain the lowest 
average values of magnesium and calcium, and the highest 
iron + manganese, and are associated with the magnesium- 
poor orthopyronexes, and altered olivines. The Quartz 
Basalt - Quartz Dolerite clinopyroxenes are associated 
with magnesium-rich orthopyroxenes and altered olivines, 
and plot between the clinopyroxenes of the Lower Basic 
Series and the calcium and magnesium-rich,iron + 
manganese-poor clinopyroxenes of the Upper Basic Series 
(which are associated with magnesium-rich olivines).
121
33/3 33/4 33/6 57/1 57/3 8/1 8/3 8/4 1/1
SiOz 51.89 51.04 51.11 51.02 50.99 51.66 50.38 50.64 51.01
A1202 1.72 2.20 3.08 2.12 1.94 1.60 2.49 2.33 2.35
Fb O 11.81 12.66 10.14 11.21 11.73 12.30 10.98 11.13 11.18
lYigO 13.25 12.77 13.90 13.73 13.22 12.90 13.59 14.08 13.85
CaO 19.85 19.74 20.25 19.66 20.08 19.89 19.83 19.38 19.41
Na2Û 0.22 0.25 0.26 0.21 0.25 0.20 0.21 0.24 0.26
K2O 0.01 0.01 0.04 0.00 0.01 0.01 0.02 0.01 0.01
TiÜ2 0.40 0.49 0.50 0.48 0.46 0.37 0.55 0.50 0.44
lYlnü 0 .5 7' 0.50 0.47 0.59 0.59 0.65 0.37 0.38 0.49
0.02 0.03 0.04 0.03 0.01 0.04 0.01 0.02 0.03
TOTAL 99.74 99.69 99.79 99.05 99.28 99.62 98.43 98.71 99.03
Number of Ion s on thiB Basis of 6 0xygens:
Si 1.958 1.936 1.916 1.936 1.938 1.958 1.923 1.926 1.933
A1 0.042 0.064 0.084 0.064 0.062 0.042 0.077 0.074 0.067
A1 0.034 0.034 0.052 0.030 0.025 0.029 0.035 0.030 0.038
Fe + Z 0.373 0.402 0.318 0.356 0.373 0.390 0.350 0.354 0.354
lYlg 0.745 0.722 0.777 0.776 0.749 0.729 0.773 0.798 0.782
Ca 0.802 0.802 0.814 0.799 0.818 0.808 0.811 0.790 0.788
Na 0.016 0.018 0.019 0.015 0.018 0.015 0.016 0.018 0.019
K 0.000 0.000 0.002 0.000 0.000 0.000 0.001 0.000 0.000
Ti 0.011 0.014 0.014 0.014 0.013 0.011 0.016 0.014 0.013
lyin 0.018 0.016 0.015 0.019 0.019 0.021 0.012 0.012 0.016
Cr 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.001 0.001
Z 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
X+Y 2.001 2.010 2.012 2.011 2.015 2.003 2.014 2.017 2,011
lïlg 38.4 37.2 40.4 39.8 38.2 37.4 39.7 40.8 . 40.3
Fe+IYln 20.2 21.5 17.3 19.2 20.0 21.1 18.6 18.7 19.1
Ca 41.4 41.3 42.3 41.0 41.8 41.5 41.7 40.4 40.6
T able 5.13a. Cli nopy roxene analyse s of Lower Ba sic Seri es.
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109/2 109/3 109/4 109/5 109/6 109/7 12 3/1 12 3/2
SiÛ2 50.57 50.05 51.12 50.30 52.19 50.78 51.65 49.98
AI2O3 3.76 4.55 4.09 4.19 3.00 3.53 3.25 4.34
FeO 7.83 7.69 7.02 7.90 5.93 6.96 8.00 7.03
(YlgO 14.06 13.16 14.46 14.67 16.50 14.73 14.15 14.16
CaO 21.60 22.19 21.98 21.34 21.27 22.14 21.77 22.30
Na^O 0.33 0.33 0.30 0.29 0.26 0.28 0.24 0.31
KgO 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.00
TiOz 0.67 0.63 0.57 0.74 0.42 0.56 0.67 0.81
lYlnO 0.18 N.D. N.D. N.D. N.D. N.D. 0.21 0.17
*^^2°3 0.28 N.D. N.D. N.D. N.D. N.D. 0.06 0.33
TOTAL 99.28 98.61 99.55 99.44 99.59 98.99 100.01 99.43
Number■ of Ions on the Basis1 of 6 Oxygens :
Si 1.893 1.886 1.898 1.877 1.922 1.899 1.917 1.868
A1 0.107 0.114 0.102 0.123 0.078 0.101 0.083 0.132
A1 0.059 0.088 0.077 0.062 0.052 0.055 0.059 0.059
0.245 0.242 0.218 0.247 0.183 0.218 0.248 0.220
lYlg 0.785 0.739 0.800 0.816 0.906 0.821 0.783 0.789
Ca 0.865 0.896 0.874 0.853 0.839 0.887 0.866 0.893
Na 0.024 0.024 0.022 0.021 0.019 0.020 0.017 0.022
K 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000
Ti 0.019 0.018 0.016 0.021 0.012 0.016 0.019 . 0.023
(Yin 0.006 - - - - - 0.007 0.000
Cr 0.008 - - - - - 0.002 0.010
Z 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
X+Y 2.013 2.008 2.008 2.020 2.011 2.018 2.001 2.020
(Ylg 41.2 39.4 42.3 42.6, 47.0 42.6 41.1 41.4
Fe + (Y]n 13.2 12.9 11.5 12.9 9.5 11.3 13.4 11.8
Ca 45.6 47.7 46.2 44.5 43.5 46.1 45.5 46.8
Table 5.13b. Clinopyroxene analyses of Upper Basic Series.
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41/1 41/2 41/3 41/5 41/6 79/1 79/2 109/1
SiOg 51.68 51.22 51.75 51.01 50,. 48 50.59 50.75 51.74
A1202 2.45 2.56 2.11 2.50 2.97 3.09 3.04 2.30
FeO 10.98 11.36 12.29 10.11 10.00 9.09 8.97 7.26
ITlgO 14.32 14.04 13.51 14.32 14.48 14.20 14.19 14.66
CaO 19.45 19.47 19.16 20.51 20.66 21.22 21.20 22.01
NagO 0.22 0.22 0.22 0.23 0.29 0.19 0.24 0.36
KgO 0.01 0.01 0.01 0.01 0.02 0.00 0.00 0.00
TlOg 0.46 0.54 0.54 0.46 0.40 0.66 0.68 0.58
IKlnO 0.38 0.40 0.55 0.45 0.33 0.24 0.22 0.17
0.02 0.02 0.01 0.01 0.01 0.06 0.07 0.28
TOTAL 99.97 99.84 100.15 99.61 99.64 99.34 99.36 99.36
Number of Ions on the Basis of 6 Oxygens:
Si 1.934 1.925 1.945 1.919 1.899 1.902 1.906 1.931
A1 0.066 0.075, 0.055 0.081 0.101 0.098 0.094 0.069
A1 0.042 0.038 0.038 0.030 0.031 0.039 0.041 0.032
Fe+Z 0.344 0.357 0.386 0.318 0.315 0.286 0.282 0.227
(ïlg 0.799 0.786 0.757 0.803 0.812 0.796 0.794 0.815
Ca 0.780 0.784 0.771 0.827 0.833 0.855 0.853 0.880
Na 0.016 0.016 0.016 0.017 0.021 0.014 0.017 0.026
K 0.000 0.000 0.000 0.000 0.001 o.oob 0.000 0.000
Ti 0.013 0.015 0.015 €.013 0.011 0.019 0.019 0.016
ITln 0.012 0.013 0.018 0.014 0.011 0.008 0.007 0.005
Cr 0.001 0.001 0.000 0.000 0.000 0.002 0.002 0.008
Z . 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
X+Y 2.007 2.011 2.002 2.022 2.035 2.017 2.015 2.011
lYlg 41.3 40.5 39.2 40.9 41.2 40.9 41.0 42.3
Fe+ITln 18.4 19.1 20.9 16.9 16.5 15.1 14.9 12.0
Ca 40.3 40.4 39.9 42.2 42.3 44.0 44.1 45.7
T able 5.13c. Clinopyroxene analyses of Quartz Basalt-Quartz 
(41 and 79) and Upper Basic Series (109).
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5.2.5. Orthopyroxenes
Ths orthopyroxenes are less abundant than the clino­
pyroxenes, They are not present in the Upper Basic Series, 
and are very rare in the Quartz Basalt - Quartz Dolerite, 
however they are widespread in the Lower Basic Series,
Six electron probe microanalyses of orthopyroxenes are 
presented in table 5.14 ; one of these is from Quartz 
Basalt Quartz Dolerite, the remaining five are from the 
Lower Basic Series.
The orthopyroxene of the Quartz Basalt - Quartz 
Dolerite contains the highest value of magnesium and is 
plotted in hypersthene field, very close to bronzite.
All five orthopyroxenes of the Lower Basic Series also 
plot in this field but further away from bronzite.
The composition difference from rim to core is similar 
to that of the clinopyroxenes, but the actual values are 
less.
The Fe + iïln content increases from 35.4 (table 5.14. 
33/2) to 37.1% (table 5.14. 33/l), and the lYIg and Ca de­
creases from 59.9 and 3.7% (table 5.14.H33/2) to 59.4 and 
3.5% (table 5.14 H33/l), respectively.
5.2.6. Olivine
Electron probe microanalyses of three olivines from 
the Upper Basic Series are shown in table 5.15 . These 
analyses are from a sample H123 which contained unaltered 
olivine crystals. Besides these three, another six 
altered olivines from all three basaltic rock units of 
the investigated area have been analysed. Their high 
degree alteration makes it impossible however to give a
33/1 33/2
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33/5 57/2 8/2 41/4
SiOg 52.39 52.68 52.63 52.38 52.33 52.87
AljOj 1.18 1.07 1.76 0.55 1.33 1.43
Fb O 22.31 21.87 19.58 22.44 19.59 17.97
lYlgG 20.84 20.93 22.90 20.85 22.98 24.79
CaO 1.70 1.82 1.67 1.61 1.78 1.48
Na^O 0.00 0.00 0.00 0.02 0.02 0.02
K^O 0.01 0.00 0.00 0.01 0.00 0.00
TiOg 0.28 0.25 0.23 0.15 0.19 0.16
lYlnO 0.87 0.76 0.56 1.02 0.53 0.53
0.03 0.01 0.02 0.02 0.02 0.01
TOTAL 99.61 99.40 99.35 99.05 98.77 99.26
Numbers of Ions on the Basis of 6 Oxygens:
Si 1.969 1.979 1.955 1.984 1.958 1.952
A1 0.031 0.021 0.045 0.016 0.042 0.048
A1 0.022 0.026 0.032 0.008 0.017 0.014
0.701 0.687 0.608 0.711 0.613 0.555
(ïlg 1.168 1.172 1.268 1.177 1.282 1.364
Ca 0.068 0.073 0.066 0.065 0.071 0.059
Na 0.000 0.000 0.000 0.001 0.001 0.001
K 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.008 0.007 0.006 0.004 0.005 0.004
lYln 0.028 0.024 0.018 0.033 0.017 0.017
Cr 0.001 0.000 0.001 0.001 0.001 0.000
Z 2.000 2.000 2.000 2.000 2.000 2.000
X+Y 1.996 1.990 2.000 2.001 2.007 2.013
(Ylg 59.4 59.9 64.7 59.3 64.6 68.4
Fe + IYln 37.1 36.4 31.9 37.4 31.8 28.7
Ca 3.5
rtopyroxe
3.4 3.3 3.6 2.9
Table 5 .14. 0 
(
ne analys es of Lower Basic Seri
33, 57 and 8) and Quartz Basalt-Quartz D
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A B
12 3/1 123/2 123/3 92 88
SiOg 38.39 38.46 39.34 36.32 37.33
A1202 0.00 0.00 0.00 13.60 13.43
FeO 22:02 21.68 19.73 21.90 14.73
(YlgO 37.80 , 38.24 39.24 10.38 14.42
CaO 0.35 0.35 0.33 0.01 0.05
Na^O 0.01 0.04 0.02 0.43 0.47
K2O 0.01 0.01 0.00 8.68 8.49
T1O2 0.01 0.00 0.01 4.07 4.70
(YInO 0.50 0.45 0.42 0.39 0.50
0.03 0.02 0.02 - -
TOTAL 99.12 99.25 99.11 95.78 94.12
Number
Si
of Ions on the 
of 4 Oxygens: 
1.008 1.006
Basis
1.019
A1 0.000 0.000 0.000
A1 - - -
Fe + Z 0.483 0.474 0.427
(Ylg 1.479 1.491 1.515
Ca 0.010 0.010 0.009
Na 0.001 0.002 0.001
K 0.000 0.000 0.000
Ti 0.000 0.000 0.000
(Yin 0.011 0.010 0.009
Cr 0.001 0.000 0.000
Z 1.008 1.006 1.019
X + Y 1.985 1.987 1.961
(Ylg 75.4 75.9 78.0
Fe + Z . 24.6 
Table 5. 
Table 5.
24.1 22.0 
15(A) Olivine analyses. 
16(B) Biotite analyses.
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name to these products; they were therefore not included 
in the table.
The range of olivine magnesium content is from 75.4- 
78.0%. As mentioned earlier they are associated with 
the Ca and lYIg rich, Fe + lYln poor clinopyroxenes.
5.2.7. Biotites
Biotite is widely distributed in the acidic rocks of 
the area. Electron probe microanalyses of two biotites 
are shown in table 5.16 , Sample H88 is from the Dacite - 
Rhyodacite pyroclastics and sample H92 is from the Hyalo 
Rhyodacite - Hyalo Rhyolite. The biotite of sample H88 
contains 14.73% FeO and 14.42% lYlgO against 21.93% FeO and 
10.38% (YlgO of the biotite sample H92. The other analysed 
oxides do not significantly differ from each other.
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CHAPTER SIX 
ORE MINERALOGY
6.1. Introduction
The early detailed exploration work in the investi­
gated area was carried out by Poliak (1958) at the Israil 
pyritic, and Kutlu (1959) at the Harkkoy polymetallic, 
sulphide deposits. Both deposits were mapped in detail, 
drilled and exploration galleries opened up. The result 
of these investigations proved that 143,000 tonnes of 
pyritic sulphide ore, containing 34.06% sulphur and 2.69% 
copper were at the Israil deposit and that 100,000 tonnes 
of polymetallic ore, containing 0.84% copper, 3.77% lead 
and 7.70% zinc were at the Harkkoy deposit.
The Harsit-KbprUbasi Cu-Pb-Zn sulphide deposit al­
though having been known to exist for a long time, was 
not recognised as economic until 1970. During the period 
of 1970-74 over 8000 m. of drilling was carried out, 57 
surface and 3 underground vertical drill holes were put 
down on a grid pattern over the orebody, and an over 1400 m. 
exploration gallery opened in three levels to supplement 
the exploration work. The twenty early drill holes which 
were sunk before 1973 proved 5 million tonnes of polymet­
allic ore, containing 0.44% copper, 2.27% lead, 3 29% 
zinc, 0.27% antimony, and 97 gr/tonnes silver (Mahmut,
1973); the total reserve has been estimated to exceed
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10 million tonnes of polymetallic ore after the sinking 
of 60 drill holes.
All three sulphide deposits which exist in the in­
vestigated area are associated with the dacite - rhyodacite 
rocks; however the Israil pyritic sulphide deposit unlike 
the other two polymetallic sulphide deposits, is not 
overlain by the tuffaceous sedimentary series. It has 
been clearly observed at the Harsit-KbprUbasi deposit that 
the orebody is lying at/or below the junction of the tuf­
faceous sedimentary series and the dacite - rhyodacites.
Tugal (1969) described the nearby Lahanos pyritic 
sulphide deposit, as being at the junction between the 
lower and upper volcanic series. However, at the Israil 
pyritic sulphide deposit, the dacite - rhyodacite rocks 
have undergone heavy alteration and weathering, therefore 
without fresh drill cores it is not possible to determine 
whether or not the rock units differ above and below the 
orebody.
6.2. Mode of occurrence of the ore of the Harsit-Kbprbbasi
Sulphide deposit
The Harsit-Kbprbbasi Cu-Pb-Zn sulphide deposit covers 
an area of about 62.500 sq. m. The orebody is found between 
+50.42 m. above and -171.50 m. below sea level. Besides 
copper, lead and zinc it contains a considerable amount of 
antimony, cadmium and silver. It is one of the most 
important polymetallic sulphide deposits occurring within 
the Eastern Pontus ore province. Despite its fairly 
large size, it has very little outcrop; some may be seen 
along the west bank of the Harsit cayi, however more 
recently, as a result of construction work a new exposure
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has been revealed along the Giresun—Trabzon road. These 
outcrops are commonly found in the NE-SUi (50°) and NIU-SE 
(l2G ) trending faults and beside the three main sulphides 
(sphalerite, pyrite and galena), contain a large amount 
of covellite, chalcocite and even (in some places) azurite 
and malachite.
The massive ore occurs at the contact of the dacite - 
rhyodacite and the tuffaceous sedimentary series or in 
the upper part of the dacite - rhyodacite. The massive 
ore contains tetrahedrite - tennantite and bournonite 
together with the three main sulphides. The lower part 
of the orebody is mainly stockwork ore and the alteration 
becomes more apparent. In this stockwork ore chalcopyrite 
is dominant, together with the three main sulphides.
The potential ore, together with the drill holes grid 
pattern are shown in Fig. 6.1.,
6.3. Method of Study
Most of the samples studied were collected from the 
drill cores, the gallery and the outcrops of the Harsit- 
Kbprbbasi deposit, and a relatively small amount from the 
Harkkoy and Israil deposits. One hundred polished 
sections, and sixty polished thin sections of selected 
ore samples have been examined. Polished specimens were 
prepared for initial examination of the ore minerals. 
Polished thin sections of some samples were also prepared 
where the identification of a mineral was uncertain from 
optical properties alone, and confirmation of the mineral 
composition by electron probe microanalyses was necessary. 
Where relatively large amounts of gangue minerals were 
present the thin sections were used to study them in
'^■'3 / ^//\ A/0\--- \ '^
o.
(/,'
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transmitted light.
The majority of the electron probe microanalyses 
were on sphalerites, and the Fe, lYln and Cd contents have 
been compared with the Uchinotai-nishi deposit of Japan.
The analyses of some sulphsalts are compared with various 
representatives of continuous isomorphous series. Bourn- 
onite was found to be the most interesting of the sulpho- 
salts studied. Three types of bournonite were distinguished.
6.4. Contouring of the Harsit-Kbprbbasi Orebody
The distribution of the ore within a deposit is the 
main economic and academic interest in the mineral explor­
ation. The fifty-three vertical drill holes of the 
Harsit-Kbprübasi deposit, were on a grid pattern of about 
50 m. spacing, the four exceptions being the H58 drill 
hole, which was situated between HI, H9, H55 and H42 drill 
holes, resulting in a closer spacing in this area and the 
three H43, II and 12 which are relatively distant from 
the rest. The three underground drill holes (HGl, HG2,
HG3) were also not part of the grid pattern. The cores 
were assayed for copper, lead and zinc, and also for 
antimony, silver and cadmium in many of the drill holes.
The ore zones occur unevenly within the deposit. The 
deposit's horizontal extent would not be delineated by 
the contouring of any level. Although some drill holes 
did not cut any ore at all, the H21 drill hole cut an ore 
of more than 2.0% total value, in a thickness totalling 
63.65 m .
Horizontal contouring was performed for all drill 
holes for 63.65 m. thickness using the elements Cu, Pb,
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Zn, Sb and Ag (Figs, 6.2, to 6.6.). The figures show 
that the orebody lies in a north-south direction. Its 
width is approximately 300 m. (east-west) and its length 
approximately 550 m. (north-south). All five elements 
show enrichment in the northern half of the orebody, the 
centre of this enrichment being around the H68, HI and H3 
drill holes.
The contouring of the orebody revealed that at its 
centre, the rich ore lies in a NE-Slil direction while at 
the north and south of the orebody the trend of the rich 
ore lies in a NUJ-SE direction. The richest ore was found 
to be present at the north-east corner of the orebody at 
the intersection of these two trends.
The results of the Cu, Pb, Zn, Sb, Ag and Cd assays 
of the cores of the Harsit-Kbprübasi drill holes are pre­
sented in tables 6.1 to 6.6. The tables show that the
ore occurs between +50.42 m . (H31 drill hole) above and 
-171.50 m. (H12 drill hole) below sea level. However, 
most of the ore was found to be present between +20.00 m. 
and -80.00 m. The orebody dips from the south-west 
towards the north-east and has a thickness of 130 m.
Two vertical sections of the Harsit-Kbprübasi orebody 
are presented in Figs. 6.7. and 6.8. One of the verti­
cal sections was taken from south-west to north-east through
HI3,
H22, H31, H17, H12,yjH8, H4, H68 and H42, and the other 
from south-east to north-west through H38, H36, H21, Hll,
H12, H13, H14 and H40 drill holes. The first section 
shows that ths tuffaceous sedimentary series above the ’ ;
mineralised Dacite - Rhyodacite dips to the north-east.
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The orebody also shows this dip. The massive ore commonly 
occurs at the top of the Dacite - Rhyodacite, however in 
case of ths H4 drill hole where two zones of massive ore 
are present the second massive ore is twenty m . below the 
first one, A rich ore was also found around -100.00 m . 
at the H42 drill hole. The orebody shows enrichment 
towards the north-east, and the richest ore is around the 
H8, H4 and H58 drill holes.
The second vertical section shows that the tuffaceous 
sedimentary series dips towards the south-east. Massive 
ore occurs at the top of the Dacite - Rhyodacite in the 
north-west, while stockwork ore commonly occurs well below 
the top of the Dacite-- Rhyodacite in the south-east.
6.5. Chemistry of the Ore
Sixty-three samples of different ores and host rocks 
from the Harsit-KDprUbasi deposit, and three samples of 
the massive ore from the Harkkoy deposit were analysed 
by X.R.F. for Cu, Pb, Zn, Fe20g, S, Si02, ^^2^3’
Cd, Sb, Ag, Sr, Ba, As and lYlnO. These analyses are pre­
sented at table 6.7, The aim was only to determine the
distribution of these elements. The collected samples 
were therefore selected specifically for this purpose. 
However, with the limited resources and time available 
these are not truly representative of samples to assess 
the grade of an orebody. Most of the standards used for 
the analyses were prepared using pure elements, pure 
sulphides and pure oxides. Other standards were also 
used to supplement the calibration of the analyses.
wt.# 1/1 1/2 1/3 2
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3 4 5 6
?1
Cu .48 .008 .034 .18 1.77 .40 6.00 3.45 3.05
Pb 9.40 .074 .24 3.30 9.00 24.40 7.40 11.75 15.00
Zn 17.50 .27 .23 4.13 19.13 3.40 6.75 17.37 30.25
^®2*^3 0.76 1.16 1.18 1.85 4.45 4.37 2.36 1.71 2.28
5 8.70 0.70 0.65 3.30 15.20 10.50 7.70 12.25 18.20
SiOg 40.00 58.40 63.60 49.20 21.20 36.00 40.00 32.50 6.50
AI2O3 2.37 7.70 6.80 6.60 2.63 3.66 3.97 1.86 1.02
TiOg - .12 .08 .025 .057 - - - . -
lYInO .13 .01 .02 .05 .12 .05 .07 .14 .21
Sb .123 - .018 .10 .233 .08 1.00 .36 .188
Ba .68 - - .05 1.07 .07 .13 .78 .68
As .01 .02 .02 .02 .04 - .16 .03 .05
ppm:
Cd 337 41 8 202 458 106 226 445 480
Ag 161 192 74 292 282 31 905 441 328
Sr 22 , 40 40 15 7 1 13 25 3
Wt.% 7a 8 9 9*1 9*2 10a 10b 11 12
Cu 4.80 4.35 2.55 5.75 0.34 3.10 4.28 4.00 .04
Pb 11.00 4.90 17.70 44.00 13.80 20.00 12.05 9.80 .33
Zn 23.25 1.03 3.40 .59 5.75 20.87 23.30 21.38 .14
^®2°3 3.30 22.17 15.95
5.24 15.65 3.97 6.81 10.28 1.42
S 18.00 28.20 24.60 19.10 22.30 18.70 18.70 21.60 .083
SlOg 7.60 1.00 1.40 .30 12.00 2.50 5.40 6.80 56.30
AI2O3 1.11 1.61 2.40 .56 3.66 1.68 2.29 1.96 . 4.76
TiOg .015 - - - - - - - .005
lïlnO .15 .02 .06 .07 .07 .12 .16 .16 .005
Sb .44 . 66 .25 .38 .055 .157 .06 .06 .01
Ba 2.90 .18 .30 .10 .14 .18 .22 .22 -
As .12 .10 .17 .21 .004 .09 .16 .104 ,04
ppm:
Cd 430 57 80 — 163 376 420 443 4
Ag 530 509 144 233 201 64 108 133 209
Sr 49 - - - - - - - 40
Table 6,7. Analyses of ores and host rocks.
wt.% 13 14
150 
15 16 17 18 19 20
Cu .54 .14 2.82 - 4.05 .41 3.10 1.30
Pb 14.40 1.27 11.00 . .023 13.60 .62 12.90 7.45
Zn 12.00 .07 16.13 .03 21.70 1.00 20.33 8.38
1.74 1.01 1.30 9.32 4.71 6.25 2.74 2.82
S 6.97 1.02 12.70 18.00 17.60 6.80 14.40 6.33
SiOg 51.80 65.20 22.40 11.60 13.00 57.80 28.80 51.60
AI2O3 1.56 3.21 3.80 0.87 0.45 2.29 1.62 3.71
TiOg - - - - - - .025 -
lïlnO .11 .02 .10 - . .14 .004 .12 .06
Sb .04 .08 .38 .123 .325 .095 .24 .07
Ba .11 - 4.22 21.75 0.30 .08 1.17 .10
As .03 .06 .09 .06 .10 .084 .075 .12
ppm:
Cd 200 20 263 8 317 58 304 165
Ag 141 293 238 47 115 184 78 43
Sr 7 35 50 2000 1 17 17 8
Ult.% 21 22 23 24 25 26 27 28
Cu - .003 - - - - - -
Pb .009 .012 .012 .008 .04 .013 .007 .04
Zn - .01 - - .03 - - -
'■®2°3 13.83 4.17 8.53 9.87 2.57
5.14 16.11 6.88
S .55 2.42 .70 .15 1.08 1.25 - 6.70
SiOg 21.20 22.10 48.00 23.90 51.00 * 36.50 14.80 39.20
A1203 24.45 21.42 15.69 19.44 13.45 14.10 23.43 2.49
T102 1.79 1.24 .78 1.17 .30 .65 1.50 .16
lïlnO .37 .02 1.00 • 66 .17 .41 .67 -
Sb - - - - - - - -
Ba .14 .15 .14 .11 2.40 .48 .08 1.48
As .15 .47 .20 .05 .08 .46 .01 .17
ppm:
Cd 14
Ag - - - - - - - -
Sr 820 1700 1500 1200 2800 1250 1325 1110
Table 6,7. Continued,
Ult.% 29 30
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31 32 33 34 35 36
Cu - 5.25 .03 2.20 .78 6.30 13.55 .14
Pb .011 5.00 .26 4.20 .80 17.50 21.60 4.30
Zn .01 1.87 1.00 1.50 5.13 13.87 .13 14.13
F»2°3 0.88 2.48 1.17 6.68 3.29 1.96 6.48 1.82
S 13.00 2.05 2.62 7.80 4.90 18.00 14.60 4.40
SiOg 24.50 33.10 56.50 53.20 51.90 1.20 19.40 30.80
A1203 10.74 12.40 3.20 4.16 5.17 2.57 1.67 12.88
TlOg .042 .06 - - .042 - - .04
lïlnO .03 .04 .02 .04 .04 .14 .04 .10
Sb - - - .07 .11 0.90 .185 -
Ba - .06 3.88 .10 .58 3.53 .07 .11
As .025 .34 .02 .10 .054 .56 .22 .015
ppm:
Cd 60 47 44 168 468 431
Ag - - - 59 314 1082 73 242
Sr 250 385 100 10 76 38 - 7
UJt.^ 37 38 40 41 42 43 44 45
Cu .04 .01 - .05 - .01 - 7.30
Pb .10 .012 .03 • 35 .08 .014 .10 20.00
Zn .013 .013 - .012 .11 - .011 4.93
F*2°3 0.68 0.97 0.47
1.46 0.78 0.66 4.50 3.20
S 1.20 1,35 - 0.45 - - 1.56 12.60
SiOg 53.00 34.00 54.40 29.60 43.80 • 35.20 28.20 33.40
AI2O3 6.63 12.30 10.02 24.53 12.99 11.33 22.82 2.12
TiOg .02 .11 .065 .21 .10 .05 .185 -
lïInO .04 .007 .02 .05 .02 .004 .01 .08
Sb - .04 - .05 - - - . .56
Ba .09 3.93 - .13 .04 .05 .07 .08
As 4.82 .89 .025 .03 .04 .033 .03 .30
ppm:
Cd - - - 53 14 - - 99
Ag 90 - - - - - - 910
Sr 26 545 49 375 80 50 47 2
Table 6.7. Continued
UJt.^ 45 47
152 
48 49 50 51 52 53
Cu .32 .77 2.55 .33 .01 .03 .09 19.50
Pb 15.68 2.60 18.50 3.60 .12 .40 .78 10.50
Zn 4.50 10.46 19.25 2.87 .26 .10 .60 13.13
2.00 9.77 4.38 2.04 3.91 2.93 2.32 1.90
S 6.00 14.80 17.00 1.90 14.60 1.40 2.50 14.20
SlOg 48.40 39.60 13.60 50.00 14.40 65.00 54.00 13.20
AI2O3 1.69 3.95 2.25 6.03 1.16 18.61 3.61 1.82
TlOg - - - - - .26 .14 -
MnO .07 .08 .15 .04 - .04 .03 .10
Sb .072 .208 .17 .110 - .103 .17 .45E
Ba .06 .13 .17. .04 32.00 .11 1.05 .65
As .036 .06 .065 .06 .02 .08 .05 -
ppm:
Cd 92 257 360 170 31 . 20 339
Ag 230 313 271 221 24 - 250
Sr 10 2 - 18 1375 1500 70 7
54 55 56 57 58 59 60 61
Cu 3.95 12.75 4.60 .49 2.75 4.35 2.65 4.60
Pb 11.10 14.50 35.75 6.90 6.80 14.13 2.15 1.95
Zn 9.63 18.13 6.49 9.87 15.25 27.82 20.50 29.94
*^®2°3 6.29 1.57 2.24 4.73 3.36 2.70 14.36 2.04
S 15.00 16.40 14.95 9.05 10.00 16.40 21.80 13.50
S1O2 25.20 6.70 14.00 40.00 40.00 . 13.60 9.50 26.00
AI2O2 3.08 0.85 1.43 6.44 4.44 1.34 1.56 1.77
Ti02 - - - - - - - -
lYInO .10 .14 .12 .08 .09 0.17 .11 .19
Sb .308 .295 0.14 .085 .208 0.01 .015 .14
Ba .20 2.10 .37 .12 .35 0.24 .19 .19
As .074 .021 - .11 .18 0.04 - .16
ppm:
Cd ^ n 301 175 2.36 438 382 477 541
Ag 95 191 37 72 277 208 53 326
Sr 2 16 9 2 4 - - -
Table 6,7. Continued.
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The sixty-six analyses of the present study are com­
pared with the drill core and gallery analyses which were 
carried out previously by lYl.T.A. systematically on ore 
samples of the Harsit-KbprUbasi deposit for Cu, Pb, Zn,
Sb, Ag and Cd. Nineteen samples from the H58 drill hole 
have been analysed to establish the vertical distribution 
of the above elements. Eight of these samples being from 
the tuffaceous sedimentary series above the orebody.
These eight analyses show enrichment in TiOg, MnO and total 
iron. They contain only a small amount of Pb (less than 
0.012%), and two samples (the sample 22 and sample 25) 
contain 0.01 and 0.03% Zn respectively. The illitized 
sample 29 which was taken from the -123.71 m. depth contains 
only 0.011% Pb and 0.01% Zn. The mineralisation at the 
H68 drill hole was found between -2.21 m. and -96.56 m. 
levels. Massive ore occurs between -14.16 m. and -21.71 m ., 
and -24.51 m. and -30.41 m. levels. Disseminated ore occurs 
between -2.21 m. and -14.16 m. levels. No mineralisation 
was found to be present between -3.76 m. and -5.21 m. 
levels. Stockwork ore occurs between -21.71 m. and-24.51 m. 
and -30.41 and -96.56 m. levels.
The analyses of different ores from the H68 drill 
hole revealed that disseminated ore contains the highest 
amounts of Sb (0.38%) compared with the other two ores 
(massive and stockwork) (table 6.7/15), and also higher 
amount of Ag than the massive ore. The highest amount 
of Ag was found in the stockwork ore (table 6.7/33) at 
the -80.71 m. level. Electron probe microanalyses showed 
that up to 1.46% Ag is present in tetrahedrite, but only 
a few hundred ppm in bournonite. The chemical analyses 
of the ore samples also proved that the Ag content
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commonly increases with increasing Sb. However, in some 
cases such as at the -80.71 m. level of the H58 drill 
hole, high amounts of Ag and relatively low amounts of 
Sb were found. This may be due to the predominance of 
tetrahedrite over bournonite or, to the tetrahedrite being 
present only as an antimony-bearing mineral.
The kaolinized and illitized sample 30, which was taken 
from the -96.21 m. level, contains only chalcopyrite and 
tennantite as Cu minerals, therefore neither Sb nor Ag 
were detected.
Electron probe microanalyses of sphalerites from 
the Harsit-KbprUbasi deposit revealed that the Cd sub­
stitutes for Zn, together with Fe and lYln. The amount of 
Cd varies between 0.26 and 2.46%, and although the Cd 
increases as Zn increases, the Cd/Zn ratio is not constant.
Despite the high levels of other elements such as Zn 
and Pb being present, the lowest total iron content was 
found in the disseminated ore (table 6.7/15), due to the 
low amount of pyrite present. The pyritic and baritic 
sample 16 from above the massive ore, contains large 
amounts of (total) iron.
The As content commonly increases with increasing 
depth.
The highest Cu content (l9.5%) of all the analyses 
was found in the sample 53 which was collected from an 
intersection of the NE-SUi (50°-60°) and NUJ-SE (120°) 
trending faults. The enrichment of Cu, is reflected -
by the abundance of secondary copper minerals.(covellite 
and chalcocite).
The highest amount of Ag (1082 ppm) was found in sample 
34 which was collected from the massive ore of the
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+ 10.39 lYl. level of the H21 drill hole. The chief lead 
mineral in this sample appears to be bournonite. Galena 
is largely replaced by bournonite. This sample also 
contains the highest amount of As (0.56%) with the ex­
ception of two samples (sample 37 and 38) which contain 
realgar, the amounts being 4.82 and 0.89%, respectively. .
The highest amount of Sb was detected in sample 5 
which was collected from the -16.00 m. level of the gallery. 
The highest Cd amount was detected in sample 61 which was 
taken from the massive ore of the Harkkoy deposit. The 
highest Cd amount at the Harsit-Küprübasi deposit, was 
detected from the sample 7/l which was collected from the 
-16.00 m. of the gallery (table 6.7.).
6.6. Sulphides
6.6.1. Pyrite
Pyrite is one of the most abundant ore minerals of 
the Harsit-KKprUbasi and Harkkoy polymetallic sulphide 
deposits and is the chief constituent of the Israil pyritic 
sulphide deposit. Two generations of the pyrite have 
been observed at the Harsit-KbprUbasi deposit.
The early-formed pyrite is mainly associated with 
barite and quartz, and differs from the later variety by 
its characteristic colloidal texture (Plate 6.1a ). The 
ore minerals accompanying this early pyrite are sphalerite, 
tetrahedrite-tennantite, bournonite and galena. These 
minerals occur in minor quantities.
The late-formed pyrite is associated with larger 
amounts of other ore minerals, and shows euhedral and 
subhedral granular textures, and in many cases is replaced
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by the later-formed ore minerals. The pyrite is general­
ly found as individual crystals, but aggregates of inter­
locked crystals are also present. These sometimes include 
early-formed colloidal pyrite forms (plate 6.1b). These 
pyrite aggregates are brecciated and replaced by other 
ore minerals (Plate 6.1c). The size of the pyrite grains 
varies greatly even within the same section from a few 
hundred microns to a maximum of 5 mm. Pentagonal, hexa­
gonal and octagonal sections are common.
Zoning of euhedral crystals is more apparent with 
the association of the chalcopyrite inclusions (Plate 6.Id). 
Colloform textures are not common, but have occasionally 
been observed (Plate 6.2a).
Electron probe microanalyses of the pyrites from the 
Harsit-Kbprbbasi ore deposit revealed that the early 
varieties contained an average 0.8%* arsenic, while the 
later ones did not contain arsenic at all (table 6.8).
Many workers have reported arsenic in pyrite. This 
feature may in some cases be due to the association of 
arsenic-bearing minerals such as arsenopyrite, it has also 
been shown that up to 5% As is present in "pure" optically 
homogeneous pyrite. Hawley (1952), suggested that the 
arsenic content of pyrite decreases with increasing 
temperature of formation.
Up to 0.5% copper was found present in both pyrite 
forms, but the normal level was less than 0.2%. The 
amounts of Co and Ni, like Cu, do not differ between the 
two pyrite forms, the levels averaging 0.08% and 0.04% 
respectively. Hawley (1952) discussed the significance
* All analyses are wt.% unless otherwise stated.
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Plate 5.1.(a) Pyrite showing colloidal texture (x800, 
oil immersion).
(b) Pyrite aggregate containing early formed 
colloidal pyrite (x20),
(c) Pyrite (white) being replaced by chal­
copyrite (light grey)(x224).
(d) Zoned pyrite (x224).
158
Early form
H27/1 H27/2 H27/3 H27/4 H68/1 H68/2 H68/3 H68/4
Fa 46,14 46.20 45,62 45,80 44,99 44,92 44.91 44.88
S 53,32 53,32 53.40 53,29 53,33 53,20 52.66 53.05
Ni 0,02 0,03 0.04 0,04 0,04 0,08 0,05 0.04
Co 0,07 0,09 0,08 0.06 0,06 0,08 0,07 0.08
Cu 0,00 0,02 0,21 0,00 0,00 0,51 0,16 0.05
As 0,78 0,77 0,80 0,84 0,84 0,84 0,84 0.84
Zn 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00
Cd 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00
Total 100,33 100,43 100,15 100,03 99,26 99,63 98,69 98.94
B. Late form
H21/1 H21/2 H21/3 H21/4 H9A/1 H9A/2 H9A/3 H9A/4
Fa 45.75 46.24 45,92 44,66 46,63 46,44 46,54 46.40
S 53.88 53.93 53,73 53,69 53,88 53,54 53,71 53.78
Ni 0.03 0.03 0,03 0,09 0.03 0,04 0.03 0.03
Co 0.08 0.08 0,09 0,06 0,07 0,08 0.08 0.09
Cu 0.31 0,09 0,54 0,13 0,00 0,00 0.00 0.00
As 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0.00
Zn 0.38 0,00 0,00 0,00 0,00 0,00 0.00 0.00
Cd 0.00 0,00 0,00 0,25 0,00 0,00 0.00 0.00
Total 100.43 100,37 100,31 98,88 100,61 100,10 100.36 100.30
T able 6.8. Pyrite Analyses from Harsit-Kbprlibasi Deposit
Fe S Ni Co Cu A s Zn Cd
HRl 46.22 53,73 0,04 0,08 
Total 100
0,27
,32
0,00 0.00 0.00
HR2 46.19 53,95 0,04 0,06 0,13 0,00 0.00 0,00
Total 100.37
Table 6,9, Pyrite Analyses from Harkkoy Deposit
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of the Co ; Ni ratios of pyrites and suggested that 
pyrite of hydrothermal origin has a Co : Ni ratio greater 
than one. However, exceptions to Hawley's rule have 
been shown by Fleischer (1955). Hence, although the 
Co : Ni ratios of the analysed pyrites are greater than 
one, the origin cannot be rigidly defined by these ratios.
In the early-formed pyrite Zn and Cd, were not found 
to be present, but in one sample of the later variety 
0.38% Zn was detected, and 0.25% Cd in another (tables 6,8/
21,1, and 6,8/21.4,),
6,6.2, Sphalerite
Sphalerite is the most abundant ore mineral at the 
Harsit-KbprUbasi and Harkkoy deposits. Sphalerite is 
found in almost all of the polished specimens and polished 
thin sections prepared for this study. It is usually 
corroded, especially when the grains are large, and shows 
subhedral, xenomorphic crystals of a granular texture.
The grain size varies greatly, from a few hundred microns 
to 10 mm. The sphalerite is generally transparent in 
thin section, however some finer grains remain quite opaque 
unless very thin sections are viewed.
Zoning of the sphalerite is very common. It depic­
ted by colour banding and the association of ovoid chal- 
copyrite exsolution blebs between the colour banding, ' 
(Plate 6,2b). Sphalerite replaces pyrite (Plate 6.2c) 
and is itself replaced by other sulphides. Deposition 
overlapping with galena is quite common. Occasionally 
chalcocite and covellite replace all of the early-formed 
sulphides. Sphalerite is generally replaced by these
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Plate 6.2.fa) Pyrite showing colloForm textures (xl76).
j^N Zoned sphalerite (x32).
(c) Sphalerite (grey) replacing pyrite (white) 
(x224).
(d) Sphalerite being replaced by chalcopyrite 
(white), and Chalcopyrite being replaced
chalcocite and covellite (grey) (xBOO, 
oil immersion).
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two minerals, however it has also been observed that 
chalcopyrite replaces sphalerite along its cracks (Plate 5,2d) 
and chalcopyrite itself is replaced by late chalcocite 
and covellite.
Sphalerites from the Harsit-Kbprübasi, and the Harkkoy 
polymetallic sulphide, and near the Israil pyritic-sulphide 
deposits were analysed by microprobe for Zn, Fe, Cu, lYln,
Cd and S.. The majority of the samples being from the 
Harsit-Kbprübasi ore deposit. Those collected from 1.5 
km south-west of the Israil deposit, are associated with 
large amounts of pyrite and dolomite, and lesser amounts 
of chalcopyrite, tetrahedrite and tennantite, and show 
coarse unmixing of chalcopyrite and ovoid chalcopyrite 
exsolutions. Therefore, the analysis spots were care­
fully selected to avoid these phases. The nine analyses 
from five different sphalerite grains are presented at 
table 6,11, The Fe content of these sphalerites, ranges 
between 0,52 and 3,30% with an average 2,05%, The Fe 
content of the sphalerites from the Harsit-Kbprübasi and 
Harkkoy deposits are lower in comparison with the sphal­
erites from the Israil deposit. Only two of these nine 
analyses are lower than 1,0% Fe, while the sphalerites 
from the later two deposits do not exceed the 1,0% Fe 
limit. The Fe content of sphalerites from near the Israil 
deposit increases with the darkening colour of the grains, 
however this Fe content varies irrespective of the dis­
tance to and from the core and the sphalerite crystals 
lack any kind of zoning.
The Cd, (Yin, and Cu contents of the sphalerites from 
near the Israil deposit vary within the range of
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0*35-0.70%, 0.05-0.28%, and 0.00-0.19%, respectively.
The table clearly shows that the Cd content of these 
sphalerites has an antipathetic relationship with that 
of iron, whilst the (Yin content has a direct relationship. 
Copper is apparently unrelated to the iron content.
Although Cu does not enter the sphalerite structure and
isomorphously substitutes for Zn, it is present in the 
analyses and was used to subtract the equivalent amount 
of FeS, assuming all Cu occurs as chalcopyrite dots in
sphalerite. The substitution of Fe for Zn is shown
clearly by these analyses, the lowest Zn content (63,66%) 
was detected in the sphalerite which contains the highest 
Fe content (3,30%), while the highest Zn content (67,08%) 
was detected in the sphalerite which contains the lowest 
Fe content (0,52%),
Six analysed spots from three different sphalerite 
grains were analysed from the Harkkoy deposit. These 
analyses are presented at table 6,12. The analysed sample 
was collected from about 275 m. altitude and was chosen 
from the massive ore. Sphalerite is the dominant ore 
mineral and the other sulphides are also present in large 
amounts. Despite their darker colour, the sphalerites 
do not show any significant Fe enrichment in comparison 
with those from near the Israil deposit. It m a y b e  seen 
from table that Fe, Cd, (Yin and Cu vary within the general 
range of 0.05-0.18%, 0.21-0.74%, 0.00-0.02% and 0.09-1.04% 
respectively, in all the samples.
The analysed spots from sphalerite grains from 9 
different samples of the Harsit-Kbprübasi deposit are 
presented at table 6,10, The samples were chosen to
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Calib-
Zn F e Cu (ïln Cd S Total rated lïInS CdS
FeS mole % mole %
mole %
+17.25 L 66.47 0.09 0.26 0.02 0.48 32.85 100.17 - 0.03 0.43
m
H 66.39 0.38 0.02 0.04 0.45 32.90 100.18 0.65 0.07 0.40
(H9A) .
A 66.32 0.23 0.09 0.04 0.45 32.88 100.01 0.27 0.07 0.40
+10.39
m
L 65.28 0.11 0.17 0.01 2.46 32.57 100.60 - 0.02 2.19
H 65.69 0.39 0.11 0.01 1.50 32.72 100.42 0.52 0.02 1.34
(H21)
A 66.06 0.19 0.17 0.01 1.14 32.86 100.43 0.07 0.02 1.02
-2.96 
. m
L 66.26 0.03 N.A. 0.00 0.54 31.85 98.68 0.06 - 0.48
H 66.07 0.53 N.A. 0.00 0.36 32.35 99.31 0.94 0.32
(H68)
A 66.18 0.25 N.A. 0.01 0.40 32.17 99.01 0.44 0.02 0.35
-3.00
m
L 66.35 0.21 N.A. 0.08 0.52 31.90 99.06 0.38 0.15 0.46
H 66.19 0.58 N.A. 0.13 0.60 31.58 99.08 1.04 0.24 0.53
(G9)
A 66.24 0.34 N.A. 0.08 0.55 32.06 99.27 0.61 0.15 0.49
-16.80
m
L 66.15 0.01 N.A. 0.01 0.47 32.31 98.95 0.02 0.02 0.42
H 66.57 0.22 N.A. 0.05 0.56 32.10 99.70 0.40 0.09 0.50
(G7)
A 66.24 0.11 N.A. 0.02 0.66 32.15 99.18 0.19 0.03 0.59
L 67.36 0.17 0,04 0.04 0.41 32.16 100.18 0.24 0.07 0.37
-17.51 H 67.06 0.85 0.21 0.05 0.49 31.87 100.53 1.21 0.09 0.44
(H68) A 67.14 0.44 0.19 0.07 0.47 32.08 100.39 0.49 0.13 0.42
L 66.18 0.09 N.A. 0.04 0.55 32.33 99.19 0.16 0.07 0.49
-22.66 H 65.99 0.56 N.A. 0.07 0.45 32.01 100.08 1.00 0.13 0.40
(H68) A 66.04 0.28 N.A. 0.05 0.50 32.13 99.00 0.50 0.09 0.44
L 67.19 0.02 0.08 0.06 0.38 32.41 100.09 - 0.12 0.34
-47.61
m
(H68)
H 67.11 0.11 0.03 0.09 0.37 32.26 99.97 0.15 ' 0.16 0.33
A 67.16 0.06 0.08 0.09 0.37 32.35 100.11 - 0.16 0.33
L 66.81 0.36 0.19 0.07 0.39 31.71 99.53 0.34 0.13 0.35
-80.71
fn
H 66.59 0.53 0.14 0.09 0.39 32.51 100.25 0.56 0.16 0.35
(H68) A 66.44 0.45 0.21 0.07 0.38 32.17 99.72 0.49 0.13 0.34
L,H iand A denote analysed points of minimum, maximum and average iron
content respectively. Calibrated FeS is calculated assuming all Cu occurs 
as chalcopyrite dots in sphalerite
Table 6.10.Sphalerite Analyses from the Harsit-Kbprübasi Deposit.
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1 2 3 4 5 5 7 8 9
Zn 55.45 55.65 53.99 55.39 55.24 54.51 53.55 57.08 54.34
S 32.35 32.52 32.33 31.95 32.10 32.41 32.37 32.25 32.43
Fe 1.80 1.58 3.19 0.85 1.45 2.83 3.30 0.52 2.78
Cd 0.38 0.45 0.52 0.55 0.51 0.45 0.49 0.70 0.35
IKln 0.18 0.13 0.15 0.05 0.12 0.12 0.14 0.08 0.28
Cu . 0.02 0.08 0.04 0.05 0.19 0.04 0.00 0.01 0.00
Total 100.18 100.52 100.23 99.97 100.52 100.35 99.95 100.55 100.18
T able 5.11. Sphalerite Analyses from near' the :Israil 1Deposit
1 2 3 4 • 5 5
Zn 55.80 55.58 55.32 65.30 66.14 55.57
5 32.81 32.82 32.55 32.55 32,45 32.72
Fe 0.11 0.13 0.10 0.11 0.05 0.18
Cd 0.47 0.52 0.55 0.74 0.24 0.21
lYln 0.01 0.00 0.02 0.00 0.02 0.01
Cu 0.09 0.13 0.11 0.18 1.04 0.19
Total 100.29 100.28 99.85 99.88 99.94 99.88
Table 6.12. Sphalerite Analyses From Harkkoy Deposit
H59/1 H59/2 G9A/1 G9A/2 G9A/3 G9A/4 G9A/5 G9A/5 G9A/7
Pb 85.28 85.37 87.09 84.25 85.79 85.32 85.31 85.41 85.34
S 12.40 12.41 12.58 12.70 12.55 12.59 12.54 12.43 12.52
Ag 0.11 0.09 0.13 0.13 0.10 0.20 0.12 0.19 0.10
Zn 0.20 0.17 0.20 0.25 0.21 0.21 0.18 0.17 0.15
Sb 0.06 0.08 0.15 0.20 0.11 0.11 0.17 0.16 0.12 ;
Fa 0.15 0.14 0.19 0.15 0.14 0.15 0.14 0.17 0.12 '
Cu 0.27 0.28 0.25 1.15 0.23 0.40 0.23 0.25 0.29 1
Total 99.47 98.54 100.69 98 .84 99.13 99.99 98.59 98.78 98.64 ;
T able 5.13. Galena Analyses
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represent the whole orebody and in particular to show 
any variation with depth that might exist. For this 
purpose five samples from different depths of the H68 
drill hole were analysed. Calibrated FeS mole %, lYlnS 
mole % and CdS mole % are plotted in Fig. 6.9 . The 
FeS content of the sphalerite never exceeds a few mole 
%, similar to the Kuroko deposits of Japan (Urabe &
Sato, 1978). However, unlike the Uchinotai-nishi deposit 
it shows a wide range between the analysed points of 
minimum and maximum iron content, at the upper level of 
the Harsit-Kbprübasi orebody. This range narrows with 
increasing depth, where the chalcopyrite content becomes 
more pronounced. Although the Harsit-Kbprübasi deposit 
does not show the clear classification of the Japanese 
deposits of black ore, yellow ore and siliceous ore; 
it contains chalcopyrite enrichment in the stockwork below 
the massive ore. The only chalcopyrite in the massive 
ore is present as sphalerite exsolutions.
The FeS content of three Kuroko deposits, namely 
Iwami, Ainai and Uwamuki No.4, generally decreases upwards 
within any one deposit. However, in the case of the 
Uchinotai-nishi deposit this level decreases in the upper 
yellow ore and reaches a minimum at the boundary between 
the black and yellow ore zones. Subsequently it in­
creases in the lower black ore until the boundary between 
lower and upper black ore, then again it slowly decreases 
upwards in the upper black ore (Urabe & Sato, 1978).
The FeS content of the sphalerites from the Harsit- 
Kbprübasi deposit are very similar to the Uchinotai-nishi 
ore deposit. Fig. 6.9. clearly indicates that the FeS
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Fig, 6,9, lïlnS, CdS and calibrated FeS contents in sphalerite 
from the Harsit-Kbprübasi deposit. Abbreviations; 
X, lYlnS contents; D,CdS contents; o, calibrated 
FeS contents. A,Average
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content shows a sharp decrease between the -80.71 and 
-47.61 levels, reaching a minimum at the latter, and then 
shows a sharp increase up to the -22.60 level. The in­
crease continues between the -22.60 and -2.96 levels, whioh 
contain massive ore, however this latter increase is not 
as apparent as the previous one. After the -2.96 level 
the FeS content decreases in an upward direction.
The CdS contents of the sphalerites from the Harsit- 
KbprUbasi deposit generally increases in an upward direc­
tion, and shows a maximum at the +10.39 level with rather 
high values (average 1.02 mole %) in comparison with the 
Kuroko deposits (e.g. the Uchinotai-nishi deposit:
CdS 0.6 mole % (Urabe and Kuno, 1978). At this parti­
cular level the maximum cadmium content (2.46%) was found 
present at the same spot which contained the minimum iron 
content (0.11%), and generally high cadmium levels were 
found to correspond with low iron contents.
The lYlnS content of the Harsit-Kbprübasi deposit 
sphalerites commonly decreased upward, and shows a minimum 
at the -2.96 level (Fig. 6.9.). But as seen from the 
figure the maximum lYlnS content (0.24 mole %) is found at 
the -3.00 level. These two samples were collected 150 m. 
apart interally, and the former sample was taken from the 
disseminated ore above the massive ore of the H68 d r i l l / 
hole where sphalerite is the dominant ore mineral and the 
latter from a massive ore of the gallery, where sphalerite 
is hardly present and extensively replaced by galena and 
other ore minerals. Pyrite, galena and bournonite are 
the abundant ore minerals. The distribution of lYlnS in
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sphalerites from the Harsit-KbprUbasi deposit is affected 
by the ore type as well as depth variation. Therefore, 
the lYlnS variation with depth is best displayed by the 
H68 drill hole.
The average weights per cent of Fe, (Yin and Cd of the 
sphalerites from all three deposits of the area were plot­
ted in Fig. 6.10-., to see the relationship between these 
elements.. No distinct variation can be discerned in the 
case of the H68 drill hole. However, when the Harsit- 
Kbprbbasi deposit as a whole is considered there is a 
general (Yin enrichment with increasing Fe and decreasing 
Cd. The exception being the -47.6 level analysis of the 
H68 drill hole. The sample which was collected from 
near the Israil deposit plots close to the Fe corner, 
while the Harkkoy deposit sphalerites are very close to 
the Cd corner.
The FeS content of sphalerites from the investigated 
area was found to vary considerably within the same grain 
with varying colour of the grain. The dark colour part 
of the grain containing a higher FeS content. Up to 
2.78% Fe variation was detected within one grain of the 
sample which was collected from near the Israil deposit 
(table 6.11), The FeS variation is relatively small in 
the sphalerites of the Harsit-Kbprübasi deposit.
6.6.3. Galena
Galena is the third most abundant ore mineral, after 
sphalerite and pyrite at the Harsit-Kbprübasi deposit.
The grain size is generally medium but large grains up to 
12 mm in size are found in the samples where galena and
1 69
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Fig, 6,10. Minor element proportions in sphalerite. Sum 
of wt,% Fe, (Yin and Cd recalculated to 100. 
Abbreviations: O H9A/+17.25 m, level;
* H21/+10.39 m , level; #H68/-2,96 m . level;
*  C9/-3 m , level;□ G7/-16,00 m, level;
EB H68/-17,51 m, level; -I* H68/-22,66 m . level; 
W H68/-47.61 m , level;S  H68/-80,71 m, level.
V  I s r a i l  ^  H a r k k o y
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pyrite are dominant to sphalerite. In these samples 
galena surrounds and occasionally replaces pyrite, like 
a groundmass, and is itself replaced by later-formed ore 
minerals along its cleavages. Tetrahedrite-tennantite 
and bournonite are the commonest minerals found along the 
cracks in large galena grains. In a sample which was 
collected from the -12,00 m. level of the H59 drill hole 
large grains of galena were so extensively replaced by 
chalcocite and covellite that only a galena kernel remained 
in the centre (Plate 6,3a), In the same sample, and from 
the samples which were collected from the surface of the 
Harsit-Kbprübasi deposit, large amounts of anglesite had 
developed along the cleavage cracks of the galena. A 
pyrite grain found to be surrounded by chalcocite which 
was initially galena, and the complete replacement of the 
galena by chalcocite is recognised from the galena cleav­
age remained around the pyrite grain (Plate 6,3b),
Galena generally replaces sphalerite, but in some samples 
overlapping deposition was observed.
Electron probe microanalyses of 9 galena crystals 
from two different samples from the Harsit-KbprUbasi 
deposit are presented in Table 6,13, It is seen that 
the silver content of the galenas does not vary greatly, 
the variation being within the range 0.09-0.20%.-' The 
Fe, Zn and Sb contents vary within the ranges -0.12-0.19%, 
0.15-0.25% and 0.06-0.20% respectively. Arsenic was not 
found to be present in any of the galenas. The biggest 
element variation in these galenas (other than the main 
elements of Pb and S) was found to be the Cu content, 
which ranges between 0.23-1.15%. However, it should be
1 71
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Plate 6.3.(a) Chalcocite (light grey) and covellite
(dark grey) replacing galena (white)(x88).
(b) Galena replaces pyrite and subsequently 
being replaced by chalcocite. Galena 
cleavage remained around pyrite (x88).
(c) Chalcopyrite (white) being replaced by 
chalcocite (grey)(x224).
(d) Chalcopyrite (white) being replaced by 
quartz (dark grey)(x224).
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noted that the high amount of the Cu was detected in the 
galena grains which were partly replaced by covellite 
and chalcocite.
6.6.4. Chalcopyrite
Chalcopyrite is the dominant ore mineral of the 
stockwork ore, and one of the major ore minerals of the 
massive ore at the Harkkoy deposit, while in the Harsit- 
Kbprübasi deposit it was found in only a few samples of 
the stockwork ore as a major constituent. It has been 
observed from the samples of the H58 drill core that the 
amount of chalcopyrite increases with increasing depth.
The chalcopyrite in the massive ore of the Harsit-Kbprübasi 
deposit is present only as sphalerite exsolutions.
At the Harkkoy deposit chalcopyrite generally replaces 
pyrite and is itself extensively replaced by chalcocite 
(Plate 6.3c), and is also shattered by quartz (Plate 6.3d), 
However, an unaltered, 15 mm wide, chalcopyrite vein was 
also found to be present (Plate 6.4a). A colloform 
texture of pyrite becomes apparent with chalcopyrite re­
placement (Plate 6.4b).
Although in comparison with pyrite, chalcopyrite is 
a minor constituent of the Israil deposit, it is the second 
most common ore mineral. It is generally found as a 
bornite replacement, however, some fresh chalcopyrite 
grains up to 1 mm in size are also present.
At the Harsit-Kbprübasi deposit, only in one sample 
(from the H59 drill hole) was chalcopyrite extensively 
replaced by chalcocite and covellite. In the rest of 
the samples it was found to be unaltered.
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Electron probe microanalyses of chalcopyrites from 
the Harsit-Kbprübasi deposit showed that only the main 
elements (Cu, Fe and S) are present in their composition 
Ag, Zn, Sb, Pb and As were not detected in any sample.
6.6.5. Bornite
Bornite is one of the less abundant of all the ore 
minerals in the investigated area. It was not found to 
be present at the Harkkoy deposit, and was only found as 
a small pyrite inclusion in one sample from the Harsit- 
Kbprübasi deposit. However, at the Israil pyritic sulphide 
deposit it was the third most abundant ore mineral (after 
pyrite and chalcopyrite). It is present as inclusions 
in the large pyrite crystals together with chalcopyrite, 
and also as a small individual grain up to 600 microns in 
length. Both the inclusions and the grains are generally 
partially replaced by covellite, chalcocite and chalcopyrite. 
The core of the largest grain found was replaced by covel­
lite and the rim by chalcopyrite (Plate 6.4c).
The colour of the bornite in a freshly polished 
section is pinkish. Anisotropy was not observed. Elec­
tron probe microanalysis of the largestbornite grain from 
the Israil deposit gave the following result:
Cu 62.52 
Fe 11.29 ,
S 25.93 
Total 99.74
6.6.6. Idaite
Idaitè was first described by Frenzel (1959) as a 
supergene sulphide formed by the alteration of bornite in
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Plate 6,4,(a) Chalcopyrite vein from Harkkoy deposit 
(in the middle).
(b) Chalcopyrite replacing pyrite leaving 
colloform texture of pyrite (x44).
(c) Bornite (grey) being replaced by chalco­
pyrite (white) (xBOO, oil immersion).
(d) Idaite (grey) replaces pyrite (white, NUJ 
corner) and Chalcopyrite (light grey, SE 
corner)(xBOO, oil immersion).
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the Ida mine, South West Africa. Since then its occur­
rence has been reported from many parts of the world, 
however the controversy about its chemical composition has 
not been fully understood. Frenzel (1959) suggested a 
composition Cu^FeSg, because the X-ray diffraction pattern 
of the mineral was similar to the synthetic phase with 
Cu^FeSg composition given by lYlerwin & Lombard (1937).
The general formula Cu^^Fe^Sg was suggested by Yund 
(l963) and the formula Cu^FeS^ based on electron probe 
microanalyses was suggested by Levy (1965). Frenzel 
& Ottemann (1967) reported a composition approaching 
stoichiometric Cu^FeSg based on electron probe microanaly­
sis for a coarsely crystalline hypogene "idaite-like" 
mineral from Fiji. Sillitoe & Clark (1969) reported 
electron probe microanalyses for idaite which agreed with 
the stoichiometric Cu^FeS^ composition suggested by Levy 
(1965). The formula Cu^FeS^ for idaite was given by 
Ramdohr (1969). A mineral with a composition near Cu^FeSg 
was reported from Chile by Clark (l970). This mineral 
is associated with native sulphur and covellite and with 
optical as well as X-ray diffraction properties similar 
to those of the phase synthesized by Yund & Kullerud (1966), 
Yund (1963), lYlerwin & Lombard (1957) and, presumably ob­
served by Frenzel & Ottemann (1967). Sillitoe & Clark 
(1969) and Clark (l970) regarded this phase as a new 
mineral and different in nature from the idaite as origin­
ally described by Frenzel (1959). Ottemann & Frenzel 
(l97l) suggested that the composition of idaite ranges 
from Cu^FeS^ to Cu^FeSg after 11 electron probe micro­
analyses of supergene idaite from different localities.
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A mineral with a buff colour of brown, has been 
observed in the samples collected from the Harkkoy deposit. 
Its grains are less than a hundred microns in size. This 
mineral commonly replaces chalcopyrite, and itself is 
replaced by covellite and chalcocite (Plate 6.&d).Ex­
solution of chalcopyrite is widespread.
Idaite has been reported to form as an alteration 
product of bornite by Frenzel (1959), Takeuchi & Nambu 
(l96l), Grafenauer (1963), Krause (1965) and Sillitoe & 
Clark (1969), whereas Constantinou (1975) suggested that 
the idaite at Skouriotissa, Cyprus was formed by solid-state 
transformation of chalcopyrite to idaite during oxidative 
leaching caused by descending ferric sulphate-bearing 
acid solutions. The latter suggestion is possibly 
favoured by the Harkkoy idaite, since it is associated 
with chalcopyrite, but not bornite.
Although idaite is usually distinguished from bornite 
by its strong reflection pleochroism, pétrographie studies 
of this mineral did not show any sign of this character.
At first it was thought to be a pale-coloured bornite, 
however electron probe microanalyses of two rather large 
grains gave a composition which falls within the range 
between Cu^FeS^ and Cu^FeSg (table 6.14).
Cu Fe S
Mean of 2 analyses 54.18 11.81 31.21
CUgFeS^ 50.87 14.90 34.23
CUgFeSg 56.14 9.87 33.99
Table 6.14.Average composition of Harkkoy idaite compared 
with two formulae suggested for idaite
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This composition is closer to idaite than bornite.
Idaite has been reported previously from the Harkkoy 
deposit (Acar, 1974).
6.6.7. Enarqite
Enargite is the least abundant of all the ore minerals 
studied and was found to be present only in the samples 
collected from the Harkkoy deposit and also in one taken 
from the Harsit-Kbprübasi deposit. This pale pink min­
eral is associated with idaite and replaces the edges of 
chalcopyrite grains at the Harkkoy deposit (Plate 6.5a).
The largest grain found is 150 microns but usually is less 
than 50 microns in size. Reflection pleochroism and 
anisotropy is visible even in air. Electron probe micro­
analysis of the largest grain gave the following result:
Cu 48.49
As 18.84
Fe 0.76
S 33.19
Total 101.28
At the Harsit-Kbprübasi deposit the enargite grains 
are very small and are found along cleavage cracks in 
large galena grains together with tennantite, bournonite, 
chalcopyrite, covellite and chalcocite. Enargite is gener­
ally surrounded by bournonite and is replaced by chalcocite
6.6.8. Realgar
Realgar is only present in two samples collected from 
the Harsit-Kbprübasi deposit and is not associated with 
the other ore minerals. It is found as subhedral grains 
up to 2 mm long in a quartz matrix (Plate 6.5b.). One 
of the samples was collected from the west of the orebody, 
however the other was taken above the orebody near the
1 7 8
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Plate 6.5.(a) Enargite (light grey) replaces pyrite (white) 
and Chalcopyrite (darker grey)(x800, oil 
immersion).
(b) Realgar (dark grey) being replaced by pyrite 
(white)(x80) .
(c) Chalcocite (grey) replacing chalcopyrite 
(white) irregularly (x244).
(d) Covellite and anglesite (grey) replaces
galena (light grey). (white
; i 
)(x88).
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top of the dacite-rhyodacite, and very close to the contact 
with the overlaying sedimentary tuffaceous series.
Electron probe microanalyses of realgars from the 
Harsit-KbprUbasi deposit showed their composition to be 
pure*and not to contain any Cu, Sb, Fe and Pb.
6.6.9. Chalcocite
According to Ramdohr (1969) "What hitherto has been 
considered as 'Chalcocite' with the formula Cu^S, is a 
great number of semi-independent minerals and solid solu­
tions, whose relationships are not yet fully understood and 
for which there are diverse interpretations." Ramdohr 
(1969) divided chalcocite into five varieties and renamed 
"digenite" proposed by Buerger (l94l) to "neodigenite" the 
so-called "blue isotropic chalcocite". Uytenbogaardt & 
Burke (l97l) used the name "digenite" for the isotropic 
mineral whose composition ranged between Cu^ _r^-Cu.~--i . f 9 —
Gelsner (1966) also used the name neodigenite for the 
isotropic mineral with a CUg 5g composition. The chalco­
cite name is used here for the isotropic mineral with ap­
proximately CU2S composition. Its exact composition has 
been tried to be determined using an electron probe micro­
analyser. The sample used was collected from the H59 
drill hole, however the presence of a small amount of gal­
ena could not be avoided and hence the Pb content of the 
analyses made things difficult. The crystal system could 
not be determined either, because of the presence of alien 
mineral phases which were being replaced by the chalcocite.
Chalcocite is found at the Harsit-KbprUbasi and Harkkoy 
deposits replacing other ore minerals, galena and chalco­
pyrite in particular (Plate 6.3a.). It has been observed
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VBÎning chalcopyrite irregularly, showing a cementation 
structure (Plate 6.5c.), and also along cleavage cracks 
of large galena crystals, occasionally affecting almost 
total replacement.
6.6.10. Covellite
Covellite is associated only with anglesite, in a few 
samples collected from the surface of the Harsit-KbprUbasi 
deposit, whilst it was found together with chalcocite and 
anglesite in a sample taken from the H59 drill hole of the 
same deposit (as replacement to galena grains). It is 
also found together with chalcocite showing cellular cemen­
tation textures in chalcopyrite and sphalerite,{Plate
In the surface samples covellite has developed with 
anglesite at the expense of galena and completely, or 
almost completely, replacing galena (Plate 6.5d.). In 
the sample taken from the H59 drill hole, although covel­
lite is present along cleavage cracks of galena together 
with chalcocite and anglesite, the original galena grains- 
are better preserved.
Covellite is found in various shades of blue with 
very strong reflection pleochroism and anisotropy.
Electron probe microanalyses of covellites from the Harsit- 
KbprUbasi deposit showed that they are compositionally 
quite pure.
6.7. Sulphosalts
6.7.1. Bournonite
Bournonite is widespread at the Harsit-KbprUbasi 
deposit and was also found at the Harkkoy deposit. It
181
is always found accompanied by tetrahedrite-tennantite, 
and less commonly with chalcopyrite, as a replacement of 
the early formed sulphides such as pyrite, sphalerite and 
particularly galena. It is also found along cleavage 
cracks of the large galena crystals, and in one sample 
collected from the +15.40 m. level of the H18 drill hole. 
This sample contains a large amount of barite and some 
quartz, and also boulangerite, geocronite and sphalerite.
The chemical composition of the bournonites from 
the Harsit-KbprUbasi deposit varies greatly. This vari­
ation is reflected in the colour of the bournonites.
The antimony-rich ones are brighter than those which are 
arsenic-rich . Bournonite grains are within
a size range of 50-1000 microns, but macro-crystal forms 
are not found to be present. The reflection pleochroism 
is very weak in air, however it is distinct in oil. The 
anisotropy under cross nicols has been observed in air, 
and is again more pronounced under oil (Plate 6.9c).
Electron probe microanalyses of the bournonites from 
three different samples from the Harsit-KbprUbasi deposit 
are presented at table 6.15, These analyses revealed 
that great variation is present in the chemical composition 
of the bournonites. The elements which vary most being 
Sb and As. Ramdohr (1969) pointed out that in rare 
instances as much as 1:4 As for Sb may be found in the 
bournonite composition, however he fails to discuss any 
possibility of a solid solution between Sb-rich bournonite 
and As-rich seligmannite. Edward (1954) described the 
ore minerals which are capable of solid solution. His
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A. First type B. Second typ
H18/1 H18/2 H18/3 G 7/1 G 7/2
Sb 25.91 23.98 21.62 20.57 19.83
As 0.30 0.73 1.95 3.01 4.26
Pb 42.74 42.86 43.01 43.30 43.87
Cu 13.34 13.45 13.45 13.98 14.01
Fe 0.00 0.00 0 .00. 0.12 0.19
Zn N.A. N.A. N.A. 0.13 0.28
Ag N.A. N.A. N.A. 0.02 0.01
S 18.77 18.82 19.06 19.71 18.09
Total 101.06 99.84 99.09 100.84 100.54
Table 6.15a, Bournonite Analyses
C . Third type
G9/1 G9/2 G9/3 G9/4 G9/5 G9/6 G9/7 G9/8 G9/9 G9/10 G9/11
Sb 24.46 22.38 13.72 13.18 9.96 10.88 9.85 8.61 8.03 7.01 6.66
As 0.00 0.84 7.83 7.93 9.40 9.40 10.97 11.41 11.96 12.27 13.71
Pb 43.99 43.87 44.56 45.12 44.76 44.99 44.25 44.72 45.81 45.63 45.10
Cu 13.35 13.52 13.96 13.90 14.21 14.46 14.31 14.68 14.57 14.54 13.90
FG 0.03 0.07 0.08 0.01 0.04 0.07 0.12 0.08 0.00 0.08 0.08
Zn 0.00 0.00 0.08 0.00 0.17 0.42 0.00' 0.10 0.00 0.14 0.05
Ag 0.02 0.01 0.01 0.00 0.00 0.00 0.08 0.04 0.04 0.05 0.03
S 18.40 18.60 20.36 19.45 20.25 20.75 20.41 21.25 20.04 21.07 19.28
Total 100.25 99.29 100.60 99.59 98.79 100.97 100.00 100.89 100.45 100.79 98.81
Table 6.15b. Bournonite Analyses
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list of the sulphosalt minerals capable of stable solid 
solution at normal temperatures includes bournonite and 
seligmannite, Although seligmannite mas not found to be 
present during this study, some of the analyses are close 
to this field.
The bournonites associated with boulangerite and 
geocronite contain the lowest As content of all analysed 
samples, the maximum amount being 1.95% and the minimum 
0.30%. The Sb content ranges between 21.62 and 25.91%.
The two spots analysed from the sample 07 contain 3.01 and 
4.26% As, respectively, and although the As content is= 
higher by comparison with the previous ones, these analyses 
still do not exceed the 1:4 ratio of As/Sb. The Sb con­
tent of these two spots ranges between 19.83-20.57%.
The As content of the bournonites analysed from sample 09 range 
between 0.00 and 13.71%. lYlost of these analyses exceed 
the 1:4 As/Sb ratio. The greatest variation in Sb con­
tent has also been found in these bournonites, and ranges 
between 6.66 and 24.46%.
Despite the wide variation of the Sb and As contents 
of the bournonites, the remaining elements of bournonite 
composition vary little. The Pb, Cu and S contents of 
the bournonites from the sample collected from the H18 
drill hole at the +15.40 m. level vary within the range 
of 42.74-43.01%, 13.34-13.45%, and 18.77-19.06%, respect­
ively. These contents for the sample 07 being 43.30- 
43.87%, 13.98-14.01% and 19.8 3-20.57%, respectively and 
for the sample 09 are 43.87-45.81%, 13.35-14.68% and 
18.40-21.25%, respectively.
184
Table clearly shews that with increasing amounts
of As; the Sb content decreases and the Pb, Cu and S 
contents increase. The amount of Fe, Zn and Ag do not 
show any significant trend.
Electron probe microanalyses of bournonites from the 
Harsit-KbprUbasi deposit revealed that there are three 
types of bournonites present:
a. The first type contains the lowest amount of As 
of all three types and is associated with boulangerite, 
geocronite and sphalerite in a rich barite matrix. The 
amount of As ranges between 0.30 and 1.95%.
b. The second type is associated with tetrahedrite-
tennantite and other ore minerals. The As content of 
this type is higher than the first type and ranges between
3.01 and 4.26%, but does not exceed the 1:4 As/Sb ratio.
Despite the very small As variation in these bournonites, 
the associated tetrahedrite-tennantites vary greatly in
As and Sb content, the ranges being 5.80-19.71% and 0.20- 
20.99%, respectively.
c. The third type of bournonite is associated mainly 
with tetrahedrite and generally replaces the early-formed 
galena especially along cleavage cracks of the crystals. 
This type shows the greatest variation of the As and Sb 
amounts. The range being 0.00-13.71% As, and 6.66-24^46% 
Sb. The variation of the As and Sb contents of the 
tetrahedrite associated with third type is rather small 
and ranges from 0.00-3.49% for As, and 25.08-30.11% for
Sb.
The first type bournonite is dominated by boulangerite 
and geocronite, and the second type by tetrahedrite-^
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tennantite, however the third type is predominating 
tetrahedrite. The associated sulphosalt minerals 
(boulangerite and geocronite) of the first type, like 
the bournonite itself contain a low amount of As, the 
maximum being 3.16%, in geocronite. Despite the small 
variation in the As and Sb contents of the second type 
bournonite, its associated sulphosalt minerals (tetrahedrite 
tennantite) show great" variation as far as these contents 
are concerned. However, in the case of the third type 
of bournonite these contents show great variation, while 
the associated sulphosalt mineral (tetrahedrite) is mainly 
Sb-rich.
The variation of the As and Sb contents of the third 
type bournonite has been carefully examined. Systematic 
electron probe microanalyses were carried out on bourno­
nite away from the boundary of the associated minerals 
such as galena and tetrahedrite. The analyses show the 
As content to increase, and the Sb content to decrease, 
with increasing distance from the tetrahedrite boundary.
No variation was detected away from the boundary of the 
galena crystals. Bournonites found along cleavage cracks 
of the large galena crystals were also examined to find 
out if any kind of zoning is present. The analyses 
revealed that, although the As and Sb contents show great 
variation, this variation is unevenly distributed.
Two sets of As, Sb, Pb, Cu and S X-ray distribution 
photographs are taken to show the distribution of these 
elements within the same bournonite crystal. The first 
set is taken from one of the largest grains of bournonite 
(Plate 6.6). A linear scan of this large bournonite
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Plate 6.6, Sb, As, Pb, Cu, Fe and S (a,b ,c ,d ,e ,f ) X-ray
distribution photographs of bournonite crystal. 
Scale bar is 100 pm.
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crystal is also presented (Fig. 6.11b). Besides the 
above-mentioned elements, an Fe X-ray distribution photo­
graph is also taken to show the presence of a few pyrite 
crystals (Plate 6.6e). The distribution of As and Sb
in the large bournonite crystal is quite variable.
However, although present in the spot analyses from the 
same crystal, the small variation of Pb, Cu and S is not 
clear on .the photographs. The Sb is confined to the left, 
while As is generally to the right,on the photograph, 
around the Sb-rich area (Plate 6.6b.), The N.E. corner 
of the pyrite crystal in the middle is the boundary between 
the Sb-rich area on the right and As-rich area on the 
left. The more magnified X-ray distribution photographs 
of As and Sb along this boundary show a better variation 
of distribution of these two elements (Plate 6.7.).
The scan across this magnified photograph shows an Sb 
decrease and a corresponding As increase to occur mainly 
in three steps.
Although the variation of the As and Sb contents with­
in the large bournonite crystal is presented by the element 
distribution photographs, these photographs fail to show 
any possible zoning which might be present. The linear 
scan across a section of the large bournonite crystal 
shows that half of the crystal is rich in Sb, while the 
remaining half is commonly rich in As.
The variation of As and Sb in the Sb-rich half is 
very small. The Sb shows slight decrease and subse­
quently the As increase near the middle of this Sb-rich 
half. The As and Sb contents are quite variable as far 
as the As-rich half of the large bournonite crystal is
1 8 8
Plate 6.7. Sb and As (a,b) X-ray distribution ohotographs 
of the magnified area (of Plate 6.6) in 
bournonite. Scale bar is 10 (im.
r.
Fig. 6.11a. Sb and As (c,d) linear scan showing the Sb 
decrease and subsequently the As increase. 
Scale bar is 10 p.m.
i
Fig. 6.11b. A linear scan showing the distribution 
pattern of antimony and arsenic across 
the bournonite crystal.
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concerned. The variation of As and Sb in the middle of 
this As-rich half is quite steady and their amounts are 
in the middle of the minimum and maximum amounts detected 
for both elements. The linear scan clearly shows that 
the Sb and As contents of the large bournonite crystal vary 
irrespective of the distance to and from the core and 
zoning is not present.
The second set of As, Sb, Pb, Cu and S X-ray distri­
bution photographs are taken from a bournonite found along 
a cleavage crack in a large galena crystal (Plate 5.8.).
The S.UU. corner of the photograph is As-rich. In the 
middle and N.E. corner high Sb amount commonly found in 
the core and high As amount at the edges of the bournonite 
crystal. The magnified photograph of Sb and As show 
that patches containing high As are also present in the 
middle of the crystal where generally Sb dominates (Plate 6.9)
The electron probe microanalyses, element-distribution 
photographs and linear scan of the third type bournonite 
crystal revealed that;the field containing high Sb shows 
the characteristic of the bournonite. However, the high 
As field of the crystal (up to 13.71%) is closer to 
seligmannite. The spot analyses show that Pb, Cu and 
S also move towards seligmannite with increasing amount 
of As, It is also observed that high As is commonly  ^
found along the edges of the crystal and surrounding the 
Sb-rich field, therefore one may suspect that the As-rich 
field replaced the primary bournonite. However, the 
author believes that the above analyses would be more 
reconciled with a continuous isomorphous series between 
bournonite and seligmannite within the crystal here
1 9 0
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Plate 6 .8 . Sb, As, Pb, Cu, 
and S(a,b,c,d,e) X-ray 
distribution photographs of 
bournonite crystal found 
along a cleavage crack in 
a large galena crystal. 
Scale bar is 75 pm.
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%
Plate 6.9. Magnified photograph of Plate 6.8. showing Sb and 
As (a,b) X-ray distribution photographs.
Scale bar is 25 pm.
(c) Anisotropy in bournonite (x800).
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described as third type bournonite.
6.7.2. Tetrahedrite -tennantite
Although when they are close to their pure composition 
these phases may be mutually distinguished in oil under 
high magnification, on the basis of the brighter colour 
of tetrahedrite (Plate 6.10a), electron probe microanalyses 
proved that commonly, the samples studied were not close 
to either end-member, therefore these will be discussed 
together.
They are usually found in small amounts at the 
Harsit-Kbprübasi and Harkkoy deposits. However, they are 
present in larger amounts in a few samples collected from 
the various parts of the Harsit-KbprUbasi ore body. 
Tetrahedrite-tennantite phases are always associated with 
bournonite and generally replace the early-formed sulphides. 
They are also present along cleavage cracks of the large 
galena crystals besides the predominating bournonite.
Although no clear crystal form is present, 3 mm wide 
10 mm long tetrahedrite-tennantite aggregates were found 
in some samples, replacing pyrite and galena crystals 
(Plate 6.10b).
Electron probe microanalyses of the tetrahedrites- 
tennantites from 5 different samples of the Harsit-KbprUbasi 
deposit are presented at table 6.16 . The silver content
ranges between 0.04 and 1.46%, and generally increases 
with increasing antimony. However, the amount of silver, 
although it does not vary greatly from grain to grain; 
within the same sample, does vary from one sample to another. 
The highest levels were detected in sample G9A which con­
tains only 1.23% As. The only pure tetrahedrite was
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H59 H68/1 H68/2 H58/3 H68/4 G 7/1 G7/2 G7/3 G 7/4
Sb 0.16 8.96 15.36 15.30 22.09 0.20 1.12 2.99 6.15
As 19.85 13.99 10.08 9.50 5.69 19.71 18.89 17.78 16.77
Cu 43.19 40.78 40.03 39.14 38.80 42.66 43.17 41.48 39.93
Zn 1.33 6.92 7.10 7.11 7.34 3.95 4.78 6.86 5.94
Fe 6.19 1.06 0.77 0.85 0.54 3.66 3.59 1.50 2.76
Ag 0.04 0.05 0.14 0.27 0.29 0.10 0.08 0.10 0.18
S 28 .06 27.17 26.82 26.43 25.69 28.45 28.37 27.75 26.69
Total 98.82 98.93 100.30 98.60 100.44 98.73 100.00 98.46 98.42
G 7/5 G 7/6 G7/7 G 7/8 G 7/9 G 7/10 G9A/1 G9A/2
Sb 5.78 13.26 18.80 18.08 19.87 20.99 28.44 28.16
As 15.94 11.31 8.23 8.00 7.31 5.80 1.23 1.24
Cu 41.75 40.21 39.43 39.87 37.61 39.55 37.48 38.04
Zn 4.40 6.61 7.21 7.04 6.47 7.31 7.21 7.34
Fe 4.70 1.37 0.70 0.85 2.37 0.48 0.17 0.24
Ag 0.11 0.47 0.25 0.31 0.68 0.34 1.46 1.39
S 28.01 26.74 25.82 26.17 25.47 25.86 24.57 24.63
Total 100.69 99.97 100.44 100.32 99.78 100.33 100.56 101.04
G9/1 G9/2 G9/3 G9/4 G9/5 G9/6
Sb 25.08 26.44 26.86 27.43 29.35 30.11
As 3.49 2.53 2.45 1.06 0.36 0.00
Cu 37.78 37.95 37.76 37.83 37.78 37.43
Zn 7.38 7.40 7.37 7.53 6.36 6.96
Fs 0.15 0.26 0.49 0.16 0.26 0.13
Ag 0.87 0.73 0.89 0.96 0.90 0.90
S 25.63 25.09 25.28 25.17 25.09 24.86
Total 100.38 100.40 101.10 100.14 100.10 100.39
Table 6 .16. Tetrahedrite-Tennantite Analyses
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Plate 6.10.(a) Tetrahedrite (light grey) and tennantite 
(dark grey)(x800).
(b) Tetrahedrite-tennantite (grey) replacing 
pyrite (white)(x88).
Fig. 6.12. Linear scan showing the distribution pattern 
of Sb and As (a,b) across the plate b.lU.a.
195
analysed from sample G9 which was collected from the 300 m. 
level of the gallery very close to sample G9A. It only 
contains 0.90% Ag.
The Cu and S contents of the tetrahedrite-tennantites 
vary within the range of 37.68-43.19% and 24.67-28.45% 
respectively, and generally increase with decreasing Sb.
The Zn and Fe contents vary within the range of 1.33-7.53% 
and 0.15-6.19% respectively. With decreasing Sb, the Zn 
content generally decreases and Fe generally increases.
The highest Fe levels were found in tennantite and Zn in 
tetrahedrite, however this was not always the case, es­
pecially where the Sb and As levels were highly variable.
Zn and Fe do not show any clear trend between tetrahedrite 
and tennantite, however the total amount of Zn and Fe does 
not vary greatly, ranging between 6.62 and 9.10%.
The As, Sb, Cu, Zn and Fe and S X-ray distribution 
photographs (Plate 6.11.) and the linear scan (Fig. 6.12) 
across a single tetrahedrite-tennantite grain illustrates 
the variation of these elements. The middle, middle-upper 
part and N.E. corner of the crystal is Sb-rich, while the 
remainder is As-rich. The As X-ray distribution photo­
graph (Plate 6.11a.) also shows that the right part of 
the crystal is richer in As than the left part. Fe is 
found in the As-rich field, and Zn, although slightly 
observed, in the Sb-rich field. The scan across the grain 
clearly shows the Sb-rich field in the middle and the 
richer As field at the right of the crystal.
6.7.3. Boulangerite and Geocronite
These minerals have been found in only one sample 
collected from the +15.40 m. level of the H18 drill hole
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crystal. Scale bar is 10 i^m.
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at the Harsit-Kbprbbasi deposit. They were found together, 
with bournonite and fine sphalerite grains, in a barite- 
quartz matrix. Their grain size is generally 'fine* and 
does not exceed 500 microns. Boulangerite is more abun­
dant than geocronite and the grains of the former are 
larger than those of the latter. Both show very weak 
reflection pleochroism even in air. Their anisotropy is 
very distinct, boulangerite more so than geocronite. 
Boulangerite and geocronite usually replace bournonite 
and sphalterite (Plate 6.11).
Electron-probe microanalyses of boulangerites from 
the Harsit-KbprUbasi deposit are presented in Table 6*^7)* 
The analyses clearly show the constancy of the boulangerite 
composition, therefore it does not show any sign of a 
continuous isomorphous series through yenerite, Pb, Sb^,
^23 falkmanite, Pb^, Sb^, 5^ as was suggested to be 
possible by Ramdohr (1969). The electron probe micro­
analyses revealed that there is up to 0.99% As in the an­
alysed boulangerites. This As content increases as the 
Sb content decreases, therefore it seems that Sb is iso- 
morphously substituted by As to a minor extent. Fe is 
not present but very low amounts of Cu were detected.
Electron probe microanalyses of geocronites from the 
Harsit-Kbprbbasi deposit are presented in table 6.18.
These analyses show that Sb predominates As as in the 
”schultzite*' variety. The composition of geocronite-like 
boulangerite does not vary from one grain to another.
The Sb content of the analysed geocronites ranges between 
10.64 and 12.25%. The As content ranges between 2.15 
and 3.16%. The amount of As increases as the Sb content
1 9 8
Plate 6.12. Sb, As, and 
Pb (a,b,c) X-ray dis­
tribution photographs of 
boulangerite and geocro­
nite crystals. Scale 
bar is 50 jim.
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H18/1 H18/2 H18/3 H18/4 H18/5 H18/6 H18/7 H18/8 H18/9 H18/Ï0 H18/11
Pb 53.43 53.70 53.05 53.26 53.08 53.04 54.07 52.89 53.64 53.20 53.29
Sb 28.82 28.56 27.38 29.04 28.95 28.73 27.42 27.47 27.77 27.56 28.83
As 0.32 0.28 0.95 0.29 0.29 0.28 0.94 0.89 0.87 0.99 0.29
Cu 0.09 0.10 0.11 0.10 0.08 0.11 0.11 0.09 0.09 0.08 0.08
S 17.95 17.95 18.12 17.98 18.01 17.90 18.07 18.27 18.13 18.22 18.07
Total 100.61 100.59 99.61 no. 67 100.41 100.06 100.61 99.61 100.50 100.05 100.56
Table 6.17 . Boulangerite Analyses
H18/1 H18/2 H18/3 H18/4 H18/5 H18/6 H18/7 HlB/a H18/9
Pb 68.07 67,12 68.11 67.75 67.57 67.93 67.94 67.74 67.32
Sb 10.64 12.20 12.25 11.52 11.75 11.58 11.68 11.79 12.13
As 3.16 2.48 2.15 2.90 2.87 2.76 2.52 2.56 2.68
Cu 0.16 0.16 0.14 0.14 0.13 0.13 0.13 0.16 0.12
S 16.82 16.97 16.42 16.92 16.91 16.98 16*. 73 16.81 17.03
Total 98.85 98.93 99.07 99.23 99.23 99.38 99.10 99.06 99.28
Table 6.18. Geocronite Analyses
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decreases. F e was not found to be present, but a very
small amount of Cu has been detected.
6.8. Sulphates
6.8.1. Anqlesite
Anglesite is the main alteration product of galena 
along with chalcocite and covellite. It is found along 
the cleavage cracks of galena in the early stages of 
alteration. However, in the advance stages galena dis­
appears altogether or may be seen only as relicts or 
kernels (Plate 6.3a.). This was especially predominant 
in the samples collected from surface exposures of the 
Harsit-KbprUbasi deposit. Anglesite also replaces 
sphalerite, pyrite and other ore minerals, barite and 
quartz (Plate 6.13a).
6.8.2. Barite
It is one of the two main gangue minerals of the 
Harsit-KbprUbasi deposit. It is always found in granular 
aggregates together with ore minerals, or as small 
veinlets (Plate 6.13b). However, in a few samples at 
the upper part of the orebody enrichment of barite has 
been observed. Near the H14 drill hole a few metres 
thickness of barite was seen beneath the sedimentary tuf- 
faceous series and on top of the dacite-rhyodacite,
When barite is present in small amounts it generally 
replaces the dacite-rhyodacite.
6.9. Oxide Minerals
6.9.1. Quartz
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Plate 6.13(a) Anglesite (white) replaces barite (light grey) 
and quartz (grey)(x88).
(b) Granular aggregates of barite (x22).
(c) Quartz (dark grey) being replaced by 
Sphalerite (light grey)(x88).
(d) Quartz (dark grey) replacing pyrite (white), 
galena (light grey) and sphalerite (darker 
grey) (x88 ) .
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Quartz is a very abundant mineral and has been ob­
served in almost all of the polished and polished thin 
sections prepared for the present study. It is usually 
found as euhedral, hexagonal-shaped crystals. It is found 
replaced by pyrite, galena sphalerite, tetrahedrite- 
tennantite and other ore minerals (Plate 6.13c.) > and also 
replacing ore minerals such as galena and sphalerite (Plate 
6.13d).
6.9.2. Hematite
Hematite has been identified in only one sample, 
collected from the Israil pyritic sulphide deposit. It 
is generally of the specular variety and occurs in common 
basal plates (Plate 6.14a.) subhedral crystals are also 
present. Hematite is greyish-blue in colour and shows 
anisotropy. Where the hematite is not well-polished 
internal reflection of a deep-red colour are visible.
The hematite aggregates are up to 1 mm in size, and are 
found replacing pyrite grains (Plate 6.14b.).
6.10. Carbonates
6.10.1. Dolomite
Dolomite has been found at the Harkkoy deposit, and 
in a sample collected from about 1.5 km S.W. of the Israil 
pyritic sulphide deposit. ‘ It is found as aggregates of 
idiomorphic rhombohedral and subhedral crystals, up to 
2 mm in size (Plate 6.14c.). Although rhombohedral 
cleavages are present, they are not well pronounced. At 
the Harkkoy deposit it is found filling small veins to­
gether with quartz and ore minerals. Dolomite is always 
found in the centre of the vein and is surrounded by 
quartz and ore minerals. These veins are up to 25 mm.
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Plate 5 . 14.(a) Specular hematite (white) from Israil 
deposit (x224).
(b) Hematite (light grey) replacing pyrite 
(white)(x224).
(c) Idiomorphic rhombohedral dolomite 
crystals (x32).
(d) Dolomite vein from Harkkoy deposit (x22).
HPlate 5.15.(a) Siderite (white) veinle t from Israil
deposit (x32).
%
Plate 6.15.(b) fYialachite (green) and Azurite (blue)
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wide. Dolomite replaces pyrite, sphalerite and chalco- 
pyrite (Plate 6.14d ). Its composition was confirmed 
by electron probe microanalyses.
6.10.2. Siderite
Siderite has been observed in only one sample, col­
lected from the Israil pyritic sulphide deposit, as 
aggregates of subhedral crystals. Small veinlets up to 
1 mm in width completely filled with siderite cut and 
replace pyrite, bornite and hematite (Plate 6.15a).
Electron probe microanalyses revealed that the siderite 
is not pure and large amounts of Mg substitute for Fe*^.
The substitution of Ca for Fe^^ appears to be very small, 
the amount being less than 1%. Ca. Mn was not detected.
6.10.3. Malachite and Azurite
These two minerals have not been observed in the 
polished sections prepared for this study. However, they 
have been recognised (Plate 6.15b. ) on top of the orebody 
during field trips to the area.
6.11. Clay Minerals
The composition of the clay minerals associated with 
the ore minerals of the Harsit-Kbprbbasi Cu, Pb, Zn sul­
phide deposit have been analysed by XRD. The procedure 
for these analyses is described in appendix 1. Twenty 
samples representing the altered country rocks and the 
different levels of the orebody were analysed. Montmorill- 
onite was found to be present in only one sample H77, 
away from the mineralised area and which had undergone ' 
a high degree of montmorillonitisation. The highest
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amount of kaolinite was detected in sample HBG which was 
taken above the Harsit-KbprUbasi orebody. Almost equal 
amounts of kaolinite and illite were detected in sample 
051 which was taken from a small fault in the sedimentary 
tuffaceous series above the orebody. Although no syst­
ematic sampling was carried out, XRD analyses revealed 
that kaolinite and illite are generally found together 
and do not show any significant change with depth in the 
orebody.
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CHAPTER SEVEN
FLUID INCLUSION STUDIES
7.1. Introduction and Previous Work
Fluid inclusions were briefly mentioned in some of 
the ancient literature of St. Augustine’s time, however 
the first specific description was by Abu Reykhan al-Biruni, 
a central-Asian scholar of the 11th Century (Lemmlein,
1950 )• The first reference in English is by Boyle (1672) 
who described a large moving bubble in quartz; Davy (1822) 
proposed the first fundamental principals of fluid inclu­
sion geothermometry, but it was Sorby (1858) who expressed 
the belief that the gas bubbles present in the fluid of 
many inclusions were the result of differential shrinkage 
between the liquid and the enclosing mineral during cooling. 
The subsequent fluid inclusion studies carried out until 
1950, were aimed at using or disproving Sorby’s thesis. 
Phillips (1875) pointed out that there are large variations 
in the composition and nature of different inclusions in 
the same sample and accused Sorby of oversimplifying the 
problem.
In the last three decades fluid inclusion geothermo­
metry has gained a widespread acceptance and attracted 
more workers in this field as a result of the meaningful 
results obtained. However, even to-day some believe that 
proof of the secondary origin of many inclusions, and of 
the possibility of later addition or loss (leakage).
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essentially or totally negates their significance.
Many of the results obtained from the fluid inclusion 
studies involve their use as a geothermometer, and in 
part as an aid to find or pinpoint new ore occurrences 
when combined with other complementary data. Roedder 
(1967) states that "Regardless of their origin and history, 
inclusions do represent actual samples - with rare ex­
ceptions the only samples we have - of fluid existing at 
some time in the geological history of the ore deposit.
As such they are important clues in understanding the 
geological modus operandi."
Akinci (1974) performed heating and cooling studies 
on fluid inclusions in Copper, Lead, Zinc sulphide veins 
from Bulancak, to the west of the investigated area.
The homogenisation temperatures of inclusions in sphalerite, 
quartz, barite and dolomite are mainly in the range of 
150°C-343°C, 191°-337°C, 172°-30B°C and 222°-265°C respect- 
ively. The last-ice-melting temperatures of inclusions 
in sphalerite, quartz and barite are ranging between-1.0°- 
■8.6°C,-2.2°-3.8°C and-3.0°-5.5°C respectively.
The Harsit-Kbprübasi Cu, Pb, Zn sulphide deposit has 
familiar features to the Kuroko-type ore deposits of Japan. 
An extensive study of Japanese geologists revealed that 
the homogenisation temperatures of inclusion in sphalerite 
and quartz from Kuroko ore deposits fall mainly in the 
range of 2D0°-250°C. The data obtained from the barite 
is more variable and is generally in the range 100°-250 C. 
Homogenisation temperatures of inclusions in sphalerites 
from Pb-Zn vein deposits are also between 20D°-250°C,
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but higher temperatures (up to 32G°C) were obtained from 
Cu-rich vein deposits. The last-ice-melting temperatures 
measured from various Kuroko deposits revealed that the 
main range for all the data corresponds to fluids of equi­
valent salinities of 1.0-2.5 molar NaCl. Lu (1959) 
obtained filling temperatures and NaCl equivalent concen­
tration (wt.%) from fluid inclusions in quartz and barite 
from the Uchinotai-higashi ore deposit of Japan. These 
fluid inclusion studies indicate that the filling temper­
atures in quartz and barite were between 225°-305°C and 
130°-300°C respectively, and equivalent NaCl salinities 
were between 2.1-8.4 in quartz and 2.7-5.4 in barite.
7.2. Geothermometry
The fluid inclusions present in minerals are believed 
to be samples of the same fluids from which the minerals 
grew or recrystallized. The irregular growth of the 
crystal during its evolution or recrystallizing period in 
a fluid medium, can cause small portions of this fluid to 
be trapped in the solid crystal. The vapour bubble is 
formed on cooling, as a result of the difference in the 
coefficients of thermal expansion of the crystal and the 
fluid. The bubble contains water vapour, and less com­
monly other gases.
Fluid inclusion geothermometry is based on the reverse 
of the above process. By heating the inclusion the bub­
ble will contract and disappear; the temperature at 
which this occurs can be regarded as the original 'trapping* 
temperature of the fluid. This hypothesis was proposed 
by Sorby in 1858, and the assumptions and limitations of
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the homogenisation method have been hotly debated since 
Sorby's time. Roedder (1957) listed five important 
assumptions.
1. The fluid trapped upon sealing of the 
inclusion was a single, homogeneous phase.
2. The cavity in which the fluid is trapped 
does not change in volume after sealing.
3. Nothing is added or lost from the inclusion 
after sealing.
4. The effect of pressure is insignificant 
or known.
5. The origin of the inclusion is known.
7.3. The Present Study
The distinction between the primary, pseudosecondary 
and secondary inclusions is the most important feature 
of fluid inclusion studies. Primary inclusions are those 
formed during the original growth of the crystal, whereas 
secondary inclusions are unrepresentative of the fluid 
from which the crystal grew as they have been introduced 
into the crystal, usually by a fracturing process, at some 
time after the crystal growth had finished. The third 
category, pseudosecondary, is an intermediate case whereby 
secondary inclusions are introduced into a crystal partway 
through its growth, but subsequent growth of the crystal 
can be seen to post-date the inclusions.
The primary inclusions in sphalerite and quartz were 
related to the growth zones in the host crystal, and 
where growth zones are not present, as in ths case of 
barite crystals, those inclusions of a solitary nature
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were assumed primary. The majority of the inclusions 
studied in sphalerite and quartz were two-phase varieties, 
consisting of liquid, and vapour bubble. However, most 
of the inclusions observed in barite were generally small 
in size and contained a liquid phase only.
Samples of non-opaque minerals were collected from 
the Harsit-KbprUbasi, Harkkby and Israil ore deposits.
The samples collected from the Harkkby and Israil deposits 
were very few and were not found to contain any fluid in­
clusions useful for the study, therefore only the samples 
collected from the Harsit-Kbprlibasi ore deposit were 
studied. These samples were mounted in plastic and sub­
sequently polished (c.f. the preparation of ore specimens 
for reflected light microscopy). A thin slice about 
3-5 mm was then cut off and mounted on a glass slide, the 
polished surface towards the glass. This slice was then 
ground down until the sphalerite became transparent in 
transmitted light, and it was then polished on this surface 
The thickness of this doubly-polished thin section was 
variable depending on the grain size of the sphalerite 
crystals involved, the range being between 0.1-0.5 mm.
The doubly-polished thin sections were then examined for 
inclusions and suitable specimens retained. After photo­
graphing selected inclusions, the doubly-polished thin 
sections were removed from the glass slides prior to the 
freezing and heating studies.
The following problems were encountered during the 
thermometry :
1. Many inclusions in dark sphalerites were 
lost as a result of prolonged grinding to 
ensure transparency.
211
2. The high refractive index of sphalerite 
gives rise to apparently opaque borders to 
inclusions which were able, on occasion, to 
mask the vapour bubble during the late stages 
of homogenisation.
3. The quartz observed was often fine-grained 
and visually free of inclusions.
4. The barite frequently contained very large 
numbers of monophase-liquid secondary inclusions.
Due to large internal and external pressure gradients 
some fluid inclusions leak after they are trapped.
Roedder & Skinner (l968) showed that fluid inclusion leak­
age is not common. However, several inclusions were sus­
pected to have leaked when repeated homogenisation of the 
same inclusion failed to give reproducible results, or 
the homogenisation temperature of the inclusion was atypical
It was observed during the fluid inclusion studies 
that sphalerite contains a large amount of inclusions show­
ing a "necking down" character (Plate 7.1). These in­
clusions obviously disrupt the constant liquid : vapour 
ratio and were consequently avoided during this study.
A carbon dioxide phase may be present in some inclu­
sions and is identified by a characteristic rim around 
the vapour bubble. No such rim was observed during these 
studies, and it is therefore suggested that CO2 is absent 
or its presence is less than 2% by weight, and a pressure 
correction related to CO2 content is not necessary.
Daughter minerals were not observed in transmitted 
light, however several samples were studied by scanning-
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electron microscopy. The sample must be mechanically 
broken and the selected piece mounted onto a metal stub.
The upwards facing freshly broken surface is then coated 
with carbon. During this preparation care had to be 
taken not to touch the surface of the mineral to be studied 
to ensure that dissolution of any soluble phases present 
does not occur. This technique has a major drawback in 
not being able to distinguish between primary and secondary 
inclusions.
Again no daughter phases were seen, but precipitates 
from the evaporated inclusion fluids were found in and 
around inclusion cavities in barite crystals.
These were in the form of tabular, hexagonal crystals and 
also very irregular crystals. When analysed using an 
energy dispersive analysis tool, the following elements 
were positively identified: Iron, silicon, aluminium and
potassium.
7.4. Heating and Freezing Experiments
7.4.1. Homogenisation temperatures
The homogenisation temperatures of over 300 selected 
fluid inclusions in the various minerals from the Harsit- 
Kbprübasi Cu-Pb-Zn sulphide deposit were measured using 
a Chaimeca combined heating and freezing stage. Cali­
bration during the heating experiment was against Merck 
Schmelzkbrper Product No, 9800 (200°C) and No. 9847 (247 C), 
sodium nitrate (306.8°C) and potassium dichromate (398 C), 
Most of these fluid inclusions being in sphalerite.
Although barite contains a large number of fluid inclusions, 
the majority were monophase and secondary, and therefore, 
the number measured in barite was limited. Fluid in-
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elusions in the quartz samples are rare, but when they are 
present, they are abundant within that single crystal.
A thermal gradient was set up during the heating 
process due to the thickness of the samples and the poor 
thermal conductivity of the studied minerals. To mini­
mise the effect of the thermal gradient and to avoid over­
heating, the heating rate was reduced from 5°C/min. to 
l°C/min. on approaching the homogenisation temperature.
The accuracy of the measurements was frequently checked 
against the standards, and was found to vary in the range 
of - 2°C. Most of the measured temperatures at which 
the homogenisation of fluid inclusions occurred were 
repeated in the search for evidence of leakage.
During the heating experiments, it was found that in 
a few samples a variation of homogenisation temperature 
exists within a single crystal. This variation is re­
latively low in quartz samples (up to 22°C) when compared 
with barite (up to 48°C) and sphalerite samples (up to 
58°C). The wide variation of homogenisation temperatures 
obtained within a single crystal, in some cases, is caused 
by slight necking down of inclusions after their original 
trapping (Roedder, 1967), or when characteristic features 
of primary origin are not present, the primary nature of 
inclusions could not be positively proved, therefore some 
secondary inclusions were measured as primary. One 
always must bear in mind that the whole of a crystal has 
not formed at a single temperature, therefore variation 
of homogenisation temperatures of primary and pseudosecondary 
inclusions does exist. The actual range of homogenisation
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temperatures of a single crystal can only be established 
by obtaining the very first primary and the very last 
pseudosecondary inclusion. During the present study such 
detailed work was not undertaken, therefore has not been 
established if this is the actual variation in temperature 
of formation of each particular crystal.
The homogenisation temperatures of primary and pseudo­
secondary, inclusions in sphalerite, quartz and barite cry­
stals from the Harsit-Kbprübasi Cu-Pb-Zn sulphide deposit 
are presented in table 7.1. The table clearly shows 
that the homogenisation temperatures of inclusions increased 
from sphalerite towards quartz and barite, their ranges 
being 239°-312°C, 262°-318°C and 285°-338°C, respectively. 
The samples used for fluid inclusion studies were collected 
from various parts of the orebody. Much care was taken 
to ensure that the whole orebody was represented by these 
samples. Five samples from different levels of the H44 
drill hole were studied to show any variation with depth 
that might exist. It was found that all five samples 
contain sphalerite crystals, but only four samples contain 
quartz crystals suitable for fluid inclusion studies.
The homogenisation temperatures of fluid inclusions in 
sphalerite and quartz crystals of these samples are pres­
ented in five histograms (Fig. 7.1). The homogenisation 
temperatures of the fluid inclusions range between 239° 
and 290°C in sphalerite, and between 285° and 320°C in 
the quartz crystals. Fig. 7.1. shows that the tempera­
ture of both sphalerite and quartz inclusions decrease 
with decreasing depth in the orebody. This has also been 
observed from the homogenisation temperatures obtained
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Sample Number Host Crystal No. of 
Inclusions
F illing 
Temp. (
Gll Sphalerite 18 266-312
G7 Sphalerite 8 282-312
Barite 5 318-337
G8 Sphalerite 12 290-305
120° Sphalerite 12 302-308
50°/6G° Sphalerite 12 243-281
H44/-7.80 m.level Sphalerite 16 242-279
Quartz 8 291-309
H44/-19.40 m.level Sphalerite 18 239-286
Quartz 16 289-311
H44/-41.15 m.level Sphalerite 13 258-289
Quartz 10 302-315
H44/-48.9Ü m.level Sphalerite 13 257-276
H44/-65.95 m.level Sphalerite 19 258-289
Quartz 11 304-318
H58/-71.5Ü m.level Sphalerite 15 256-289
Quartz 13 262-284
H47/-84.69 m.level Sphalerite 14 274-309
Barite 16 294-338
H68/-17.51 m.level Sphalerite 21 258-302
H68/-47.61 m.level Sphalerite 4 265-278
H68/-56.96 m.level Sphalerite 12 251-309
Barite 22 286-334
Table 7.1. Filling temperatures of primary and 
pseudosecondary inclusions in sphalerite, 
quartz and barite crystals from the 
Harsit-Kbprtibasi Cu-Pb-Zn sulphide deposit
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Fig. 7.1, Histograms showing the range of homogenisation 
temperatures of fluid inclusions in sphalerite 
and quartz crystals of H44 drill hole.
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from fluid inclusions in sphalerite crystals from two 
different levels of the H58 drill hole (Fig. 7.2), The 
homogenisation temperatures measured in fluid inclusions 
in quartz are not always higher than those of sphalerite 
A sample collected from the -71.50 m. level of the H58 
drill hole contain similar temperature ranges for both 
quartz and sphalerite inclusions (Fig. 7.3).
The homogenisation temperatures obtained from three 
samples containing both sphalerite and barite crystals- 
revealed that the barite has higher temperatures than 
sphalerite. This is shown in Fig. 7.2 and Fig 7.4.
There are two dominant trends, NW-SE (l20°-140°) and 
l\lE-SUi (40°-60°) at the Harsit-KbprUbasi ore deposit. The 
age relation between these two trends is not very clear 
in the field. Only one sample of each trend collected 
from the surface of the orebody was found to contain 
sphalerite crystals suitable for fluid inclusion studies. 
The homogenisation temperatures of the fluid inclusions 
in sphalerite crystals of these samples showed that the 
sample collected from the NUi-SE trend has higher homogeni­
sation temperatures (between 302° and 308°C) than the 
NE-SUi sample (between 243° and 281°C). More samples 
would have to be studied before any conclusion may be 
drawn from such data.
The present fluid inclusion studies show that the 
homogenisation temperatures measured in sphalerite, quartz 
and barite crystals from the Harsit-Kbprbbasi Cu-Pb-Zn 
sulphide deposit (which are in the range of 239°-312°C, 
262°-318°C and 286°-338°C, respectively) are higher in
F / y  73.
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Figs, 7.2, 7.3 & 7.4. Histograms showing the range of
homogenisation temperatures of fluid inclusions 
in sphalerite and barite of H68 drill hole, in 
sphalerite and quartz of H58 drill hole, and in 
sphalerite and barite in H47 drill hole respectively
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comparison with those of Kuroko ores of Japan (sphalerite 
and quartz mainly between 2GD°-25G°C, and barite, 1GG°- 
25G°C), Higher temperatures from some Kuroko ores are 
presented by other workers. Lu (1959) reported filling 
temperatures of inclusions in quartz and barite from the 
Uchinotai-higashi ore deposit in the range 225°-3G5°C, 
and 13G°-3GG°C, respectively. The highest temperatures 
(up to 32p°C) were reported from Cu-rich veins at Tochigi, 
Yaso, and Sai (lYliyazawa ejb 1971).
Although the homogenisation temperatures of fluid 
inclusions in quartz and barite from the Uchinotai-higashi 
ore deposit are generally lower than those measured from 
the fluid inclusions in quartz and barite from the Harsit- 
Kbprbbasi ore deposit, both deposits appear to have a few 
common features:
a) The homogenisation temperatures of fluid 
inclusions in quartz crystals from the lower 
siliceous ore of the Uchinotai-higashi ore 
deposit are very similar to those obtained 
from the fluid inclusions in quartz crystals 
from the Harsit-Kbprübasi ore deposit.
b) The homogenisation temperature range of 
fluid inclusions in all quartz samples from 
the Uchinotai-higashi ore deposit is similar, 
to the range of fluid inclusions of sphalerite 
crystals from the Harsit-Kbprbbasi ore deposit.
c) The fluid inclusion studies revealed that 
the temperature decrease is an upward direction 
in both deposits. This upwards decrease is 
based on measurements from three zones of the 
Uchinotai-higashi ore deposit. The homo-
221
genisation temperatures were obtained from 
quartz samples of the lower and upper siliceous 
ore zones, and from barite samples of the black 
ore zone. The present studies revealed that 
the co-existing minerals contain different 
temperature ranges. This is clearly shown in 
Fig. 7.1. with histograms showing the range of 
homogenisation temperatures of fluid inclusions 
in sphalerite and quartz crystals collected 
from different levels of the H44 drill hole.
Both temperatures of fluid inclusions in sphalerite 
and quartz crystals of the H44 drill hole are found to 
decrease in an upward direction. It would not be possible 
to come to any conclusion if the separate minerals were 
not both present at all the levels. The ranges of homo­
genisation temperatures exhibited by sphalerite and co­
existing quartz are not the same and this supports the 
observations made by Moore & Moore (1979), i.e. this fact 
raises doubts about the hypothesis that the depositional 
temperatures of opaque ore minerals may be reflected by 
those of co-existing quartz and/or other transparent minerals.
The homogenisation temperatures of fluid inclusions 
in sphalerite, quartz and barite obtained by Akinci (1974) 
in Cu, Pb, Zn sulphide veins from Bulancak area mainly.' 
range between 150°-343°C, 191°-337°C, and 172°-308°C, 
respectively. These temperatures are generally quite 
close to the temperatures obtained in the present study, 
however there are a few dissimilar features:
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a) The temperature range of all three 
minerals of the Bulancak area is wider than the 
temperature range of the Harsit-Kbprbbasi area.
b) The low temperatures obtained (down to 
92°C in sphalerite) from the Bulancak area 
are not present in the Harsit-Kbprbbasi area 
(the lowest being 239°C).
c) The homogenisation temperatures of fluid 
inclusions increased from sphalerite towards 
quartz and barite in the Harsit-Kbprbbasi 
area, whilst a decrease is found in the 
Bulancak area.
d) The maximum temperatures of fluid inclusions 
in sphalerite and quartz are higher in the 
Bulancak area, while those in barite are 
higher in the Harsit-Kbprbbasi area.
7.4.2 Last-ice-melting temperatures
The compositions of the fluids trapped as fluid 
inclusions in minerals are very important in the studies 
of ore deposits. The origin, nature, possible mixing 
and wall-rock alteration effects of the ore-forming fluids, 
and the pressure corrections to be applied to inclusion 
filling-temperature determinations are better understood 
with the determination of the concentration of the salts 
in the aqueous solutions of the inclusions. Several 
methods have been applied for quantitative determination 
of the concentrations of the constituent elements. Most 
of these methods require special samples or relatively 
large amounts of inclusion fluid and therefore, their 
use is very limited.
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It appears that the best method to determine the 
approximate concentration of salts in solution in a single 
aqueous inclusion is the "depression of the freezing point" 
of that solution, that is the "last-ice-melting temperature" 
Sodium chloride is the predominant saline component in 
the inclusion liquids. Therefore, the depression of 
freezing point of inclusion liquids is often expressed as 
that equivalent weight percent of sodium chloride, which 
if dissolved in pure water, would effect the same depres­
sion. The present data has, however, been left in degrees 
centigrade. The general range of the last-ice-melting 
temperatures of inclusions in sphalerite, quartz and barite 
from the Harsit-Kbprbbasi ore deposit is between-1.0° and 
-3.1°C. If these temperatures were expressed as equivalent 
weight percent NaCl, it would be approximately 1.7-5.5%.
The last-ice-melting temperatures for inclusion 
fluids in sphalerite, quartz and barite from the Harsit- 
Kbprbbasi ore deposit were measured using a Chaimeca 
combined heating and freezing stage. Calibration during 
the freezing experiment was against distilled water (0°C) 
and carbon tetrachloride (-22.8°C).
During the freezing experiments it was found that 
most of the inclusions froze between-35°-50°C. However, 
as a result of metestability problems within the inclusion 
a few inclusions required temperatures lower than -100'°C 
before freezing would commence. This is a phenomenon 
noted by many previous workers.
The last-ice-melting temperatures of inclusion fluids 
in sphalerite, quartz and barite crystals from the
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Harsit-Kbprbbasi ore deposit are presented in table 7.2 
and Fig. 7,5. The Figure consists of one histogram for
each crystal. These histograms show that the last-ice-
melting temperatures of inclusion fluids generally in­
creased from sphalerite to quartz and barite. The range 
of these temperatures is very small and they do not show 
any significant variation with increasing depth in the 
orebody.
The present freezing experiments show that the last- 
ice-melting temperatures measured from inclusion fluids 
in sphalerite, quartz and barite crystals from the Harsit- 
Kbprbbasi ore deposit are very similar to the Kuroko ores 
of Japan. Although Lu (1959) reported equivalent NaCl 
salinities up to 8.4 weight percent from the lower sili­
ceous ore zone of the Uchinotai-higashi ore deposit, the 
main range for all the data like other Kyroko deposits 
corresponds to fluid equivalent salinities of 1.0 molar 
NaCl. The equivalent NaCl salinities of the other two 
levels (Upper siliceous ore and black ore zones) range- 
between 2.1-5.4 weight A series of Japanese papers
on Kuroko deposits indicates that the ore fluid was one 
that was relatively low in NaCl salinity (generally less 
than 5 weight %').
Akinci (1974) reported slightly higher last-ice-melting 
temperatures of inclusion fluids in sphalerite, quartz and 
barite crystals in the Cu, Pb, Zn sulphide veins from 
the Bulancak area. Although the range of these temper­
atures is between -1.0° and -8.4°C, only two sphalerite 
samples have temperatures higher than -3.0°C.
225
Sample Number Host Crystal No. of 
Inclusions
Last-ice-IYlelt 
Temp.(C )
G7 Sphalerite 7 —1.7— —2.3
Gll Sphalerite 5 —1.7— —2.2
120° Sphalerite 9 —1.0— —2.2
50°/60° Sphalerite 5 —1.8— —2.4
045 Barite 7 — 2.6— —3.1
H58/-71.5Q m.level Quartz 14 — 2.3— —2.8
H44/-19.40 m.level Sphalerite 12 — 2.4— —3.0
Quartz 12 -2.2- -2.7
H44/-65.95 m.level Sphalerite 7 —1.6— —2.2
Quartz 3 — 2.6— —3.0
H68/-17.51 m .level Sphalerite 11 —1.8— —2.4
H68/-56.96 m . level Sphalerite 12 — 2.5— —3.0
Barite 18 — 2.3— —3.0
Table 7.2. Last-ice-melting temperatures of inclusion 
fluids in sphalerite, quartz and barite 
crystals from the Harsit-Kbprbbasi Cu-Pb-Zn 
sulphide deposit.
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Fig. 7.5. Histograms showing the range of last-ice-melting
temperatures of the inclusion fluids in sphalerite, 
quartz and barite crystals from the Harsit-kbprUbasi 
deposit.
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7.5. Alkali Ratio Analyses
Sodium and potassium are generally the two most 
abundant elements present in inclusion fluids. The 
determination of absolute ionic concentrations of these 
elements would be impractical on the samples available 
due to the relative paucity of inclusions, however the 
Na/K ratio can more easily be detected with some precision. 
The method of determining the alkali ratio used in the 
present analyses is as follows: about 35 grams of the
mineral to be examined is crushed to between 6 and 8 (B.S.) 
mesh. A suitable sample was handpicked and the contam- 
inents were removed. Approximately 15 grams were weighed 
and washed, then put in glass tubes, and continuous 
electrolytic cleaning was carried out over a period of 
several days (llOv D.C. using platinum electrodes). An 
agate mortar and pestle were used to crush the sample by 
hand under a minimum amount of distilled water. The 
slurry was then filtered into cleaned and pre-leached 
plastic containers with a small amount of distilled water. 
Finally, the relative sodium and potassium concentrations 
of the leached solutions were determined by emission flame 
photometry. Because of the high risk of contamination 
present during this process, blanks were also prepared.
The main drawback of this method is that the measure­
ments are on vastly diluted mixtures of all generations 
of trapped inclusion fluids. Significant results obtained 
only when primary inclusions predominate. Quartz and 
barite crystals are generally dominated by secondary 
inclusions, therefore no attempt has been made to use these 
crystals. Two sphalerite crystals with predominant
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primary inclusions were used, one of the samples was 
taken from the fine-grained ore of the-17.51 m; level of 
the H68 drill hole, and the other from the coarse-grained 
ore of the-57.20 m. level of the H27 drill hole. The 
ratios of leachates from these sphalerites 
was found to be 6.6 for the former and 2.8 for the latter. 
The Mississippi Valley-type ore deposits are believed to 
be formed by fluids with much higher Na/K ratios (about 
17, by weight) than those of magmatic-hydrothermal origin. 
The low ratios for the latter (not infrequently less than
1) is presumed to indicate interaction with wall-rock 
minerals at the prevailing temperature and acidity.
White (1968) stated that the Na/K ratios of natural hydro- 
thermal systems are in the range between 3 and 30 in most 
cases. The present analyses from the Harsit-Kbprbbasi 
ore deposit fall in the field of the magmatic-hydrothermal 
systems.
7.6 Discussion of Results
The fluid inclusion studies on sphalerite, quartz 
and barite crystals from the Harsit-Kbprbbasi Cu-Pb-Zn 
sulphide deposit revealed that the filling temperatures 
were in the range between 239° and 338°C, and the last- 
ice-melting temperatures were in the range between-1.0° 
and-3.1°C of which the equivalent weight percent NaCl,^ 
is approximately 1.7-5.5%. These filling temperatures 
are considered to be the minimum, as no pressure correc­
tion has been added. If the temperatures and salinities 
of fluid inclusions from the lower part of the orebody 
are considered to represent those of the active mineral­
izing solution responsible for ore formation, it is
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concluded that the ascending ore solution had temperatures 
around 274°-338°C (-84.69 m. level of the H47 drill hole), 
and salinity levels similar to those of normal sea water.
The ratios of sodium to potassium obtained for the 
two inclusion leachates (2.8 and 6.6) are potassium en­
riched compared with present day sea waters (49) (Sawkins, 
1968).
Urabè and Sato (1978) stated that "In the hypothesis 
of a submarine exhalative formation of Kuroko deposits, 
the mixing of sea water with ascending ore solution is 
expected to have caused a considerable change in physico­
chemical properties of the ore-forming environments at 
both above and below the sea water/sediment interface. 
Assuming that the incorporated Miocene sea water had 
physical and chemical features similar to the present day 
normal oceanic water, the incorporation would have brought 
about temperature lowering, salinity lowering, FO2 increase 
(oxidation), and neutralization of the ore-forming sol­
ution." A temperature decrease was observed from the 
lower part to the upper part of the Harsit-Kbprbbasi 
orebody, but no salinity variation was found to be present.
One sample studied from each of the two dominant 
trends (veins) at the Harsit-Kbprbbasi ore deposit gave 
different filling temperatures but similar last-ice-melt±ng 
temperatures. These veins are considered to represent 
the feeder vents for the ascending mineralizing solution. 
However, no conclusion has been attempted to be drawn 
from these results.
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CHAPTER EIGHT
Discussions and Conclusions
8.1. Mineralisation in the Tethyan Region in Relation to 
Plate Tectonics with Special Reference to the 
Eastern Pontus Ore Province
The stratiform massive sulphide deposits, consisting 
of pyrite and/or pyrrhotite, with various amounts of chal- 
copyrite, sphalerite and galena, are genetically related 
to submarine volcanism in so-called "eugeosynclinal" en­
vironments. GbmUs (l970) divided the mineral deposits of 
Turkey into several groups in relation to the geotectonic 
development. These provinces are associated with different 
rock types which include deposits of varied character.
The general relationship of ores to specific magmatic 
rock suites has been known for several years. Seyhan (1972) 
suggested that the regional distribution of volcanic and 
intrusive rocks is the first reason for the concentration 
of mineral deposits of Turkey in certain regions. The 
Pontids contain 80^ of the intrusives and 11% of the calc- 
alkaline rocks of Turkey. Kaolin deposits are concen- / 
trated in the south Marmara Region due to the alteration 
of acid volcanic rocks and the Cu-Pb-Zn sulphide deposits 
are also directly related to the calc-alkaline volcanics 
of the Eastern Pontids as a result of regionally selective 
volcanism.
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The hypotheses of plate tectonics have recently been 
favoured by many workers to explain the origin of the sul­
phide deposits, Jankovic (1977) stated "the concept of 
plate tectonics furnishes the most complete explanation 
of the origin and geotectonic evolution of the Eastern 
Pontids and Lesser Caucasus, as well as of the métallogénie 
zones of copper and zinc/lead mineralisations". Accord­
ing to the plate tectonic hypotheses, the calc-alkaline 
magmatism apparently generated via the subduction process 
at convergent plate boundaries, gives rise under favourable 
circumstances to Kuroko-type (conformable massive sulphide) 
deposits in submarine volcanic environments and Cordilleran- 
type (postmagmatic) ore deposits in epizonal plutonic en­
vironments, whereas ophiolite belts represent remnants of 
the oceanic crust which has later been obducted over the 
Benioff zones (Dewey & Bird, 1970, and Sawkins, 1972). 
Important métallogénie belts are located at plate boundaries 
especially along the consuming margins (Pereira & Dixon, 
1971, Sillitoe, 1972).
Dixon & Pereira (1974), examined the mineralisation 
in the Tethyan region in relation to plate tectonics.
They differentiate in general four types of plate-edge 
environments having active and fossil counterparts:
1) Spreading zones, such as mid-oceanic ridges and 
rift systems.
2) Subduction zones, such as the Andean belt or the 
Caucasus in the late Mesozoic.
3) Island arcs and their associated small ocean basins 
such as the modern Carribean.
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4) Passive continental edges, where denudation 
sedimentation, and shelf sea development takes place: such
as the present eastern coastal region of North America and 
large parts of the North African and Arabian continental 
edges in Mesozoic and Cenozoic times.
The Alpine Orogen is the major formation for most of 
the mineral deposits occurring between the central Mediter­
ranean and the beginning of the Himalayas, There are five 
main components of the Alpine Orogen:
1) Stable Areas
a) Cratons
Arabia, India, the Ukraine and the Hercynien base­
ment of Central Europe,
b) Oceanic areas
Indian Ocean, the possible remnants of Tethys 
Ocean, (in the Mediterranean), the Black Sea, 
and Caspian Sea,
2) Internal zones
Rhodope Massif, Menderes Massif, Anatolian Massif, 
Lut oiock,
3) Volcanic and Intrusive rocks
These rocks range in age from the pre-Mesozoic eras 
to the present. In the Eastern Pontids calc- 
alkaline suites (dacites and rhyolites) probably 
related to fossil island arc systems,
4) The Ophiolitic zones
The Trodos complex of Cyprus, long narrow belts, 
in the Pellagonian Zone of Greece and the Elburz 
of Iran.
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5) Late Stage products
Thick molasse deposits, blown sand, salt pans and
lava and ash lakes.
There are four tectonic characteristics of the Alpine 
Orogen;
1) Seismic zones
Along the north side of the Anatolian block a 
major seismic zone occurs,
2) Melange
These are chaotic mixtures of ophiolitic rocks and 
marine sediments. It is suggested that melange develops 
where continental collision is complicated by the existence 
of islands in the disappearing ocean,
3) Thrusts, nappes and folds
The Internal zones of Hellenides, the Taurus and 
Zagros mountains, abound with thrust tectonics and nappes. 
At the foot of the Bitlis Mountains in Turkey, crystalline 
rocks belonging to the Anatolian Massif are thrust over an 
ophiolite complex,
4) Block faults
The fossil island arc zones are block faulted. 
Major normal faults have been active during the volcanic 
events at the Eastern Pontids, and complicated the stati- 
graphy.
At the end of the palaeozoic it is suggested that 
there was one main continental mass (Pangaea). The Tethy- 
an Ocean was located to the east south-east of this contin­
ental mass. The ocean was filled with islands or micro­
continents. Evidence of these microcontinents exists
in the Rhodope massif (Balkans), the Menderes, Anatolian
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and Bitlis massifs in Turkey and the Lut Massif in Iran 
It has been postulated by Dixon and Pereira (1974) that 
an island arc system formed along the Pelagonia-Taurus- 
Zagros line, to the south of these microcontinents during 
the Jurrasic and a subsidiary island arc formed along the 
Pontid-Elburz axis at the north side of these microcontinents 
during the Cretaceous (Fig. 8.1.). As a result of the 
island arc calc-alkaline magmatism exhalative massive 
sulphide deposits were formed.
The first métallogénie belt (the Pelagonia-Taurus- 
Zagros island arc system) is a part of the southern branch 
of the Alpine orogen, and begins at Pohorje (Slovenije) 
passes through the Podringe and Trepca mining districts 
along the vardar zone of Yugoslavia and extends through 
the Rhodope Mountains, north-east Greece, and the Aegean 
islands into the South Marmara mining district. It ex­
tends eastwards through Anatolia into Iran with an east- 
west trend. The Vardar zone of Yugoslavia and Zagros 
Mountains in Iran contain many polymetallic massive sulphide 
and porphyry copper deposits, associated with calc-alkaline 
volcanics and granitic and granodioritic intrusions.
The second métallogénie belt (the Pontid-Elburz islands 
arc system) is manifest within the Carpathian Mountains of 
Western Czechoslovakia and extends eastwards through 
Roumania forming the Transylvanian Alps. In Yugoslavia 
it lies north-south through the Timok mining district, 
extending into Bulgaria through the Sredna Gora district 
and the Viskia Mountains where the belt returns to the
east-west direction, extends through Burgas into the
/
Eastern Pontids, passes into the Minor Caucasus and terminates
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in the Elburz Mountains of Iran (Supercaanu, 1971; Akinci, 
1974). Important deposits associated with this belt are: 
the Kremnica, Banska, and Matra in Czechoslovakia; the
Brad, Rodna, Boshia, Deva deposits in Romania; the 
Majdanpek, Veliki Krivelj and Bor deposits in Yugoslavia; 
the Medet deposit in Bulgaria; the Lahanos, Harsit-Kbprübasi, 
lYladenkby, and Murgul deposits in the Eastern Pontids; and 
the Pambec-Zangezur copper-molybdenum belt in the Minor 
Caucases.
More recently Banfeovic (1977) considered a preliminary 
model of a global métallogénie belt, named the Tethyan 
Eurasian Métallogénie belt, which formed near the southern 
margin of the Eurasian plate, almost 10,000 km long, con­
necting the Alpine system in Europe with the Pacific métal­
logénie system. He distinguished five types of ore depos­
its occurring within the belt:
1. Porphyry copper/molybdenum deposits.
These are related to intrusives cupolas, located 
in them and/or in surrounding vulcanites, and are often 
associated with deeper parts of ore deposits, overlain by 
lead/zinc and/or gold mineralization.
2. Replacement massive sulphide deposits
They occur frequently in volcanic complexes, and 
are younger, epigenitic with regard to wall-rocks.' They 
are associated with porphyry copper deposits.
3. Stratiform volcano-sedimentary massive sulphide
ore deposits
They are known mostly in the Eastern Pontids, and 
show many dissimilarities with respect to other sectors 
of the belt, resembling to some extent the Kuroko ore 
deposits of Japan.
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4. Vein copper deposits
They occur in many districts of the belt, especi­
ally in the Burgas area in Bulgaria,
5, Skarn deposits
They occur usually at the margins of intrusives.
They are prospecting indications for porphyry copper deposits.
According to Pejatovic (1974), the Eastern Pontid 
volcanic arcs and the copper and zinc/lead deposits were 
formed on a model of complex island arcs. The subduction 
of the Anatolian Oceanic crust under the Pontids-Gruzian 
microplate which resulted with the formation of a number 
of arcs, is the beginning of these complex processes.
Due to the subduction of the oceonic crust and its 
partial remelting, copper ore deposits formed and their 
geoctectonic setting in the Eastern Pontids was completed 
(Jankovic, 1977).
8.2. Mineralization in the Eastern Pontus Ore Province
Recent detailed studies carried out by M.T.A. along 
the Eastern Pontids, have shown the existence of important 
polymetallic sulphide deposits besides the already known 
pyritic-copper deposits within the Ore Province. The 
ore deposits of the Eastern Pontus Ore Province are divided 
into two main groups according to their genesis: _
1) The ore deposits associated with the Upper 
Oretaceous-Eocene calc-alkaline volcanics.
2) The ore deposits genetically related to the Eocene- 
Oligosene granitic and granodioritic intrustions.
The ore deposits of the second group are not important 
from the economic point of view. They occur around the 
Tatos batholith and smaller granitic stocks as iron-skarn 
deposits and copper-molybdenum vein type occurrences.
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The ore deposits associated with the Upper Cretaceous- 
Eocene calc-alkaline volcanics are mainly sulphides, 
however exhalative-sedimentary manganese deposits are also 
present. The manganese deposits are of the bedded nodular 
type and small in size, reserves being less than 1000 tonnes. 
The sulphide ore deposits of this group occur throughout
the ore province and mostly have economic importance.
They are divided into four types:
1. Massive type deposits.
2. Stockwork type deposits.
3. Impregnation type deposits.
4. Vein-type deposits.
The first three types are associated with Dacite I 
or the so-called "ore-bearing dacite" of Upper Cretaceous 
age. These deposits were located either within the upper 
part of Dacite I (e.g. Murgul and Israil) or at the contact 
of Dacite I, with the overlying rocks. These rocks were 
either dacitic tuffs and sediments (e.g. Harsit-KbprUbasi 
and Harkkoy) or Upper Basic Series (e.g. Cayeli Madenkby).
The deposits occurring within the upper part of Dacite I 
are commonly pyritic, while those occurring at the very 
top of Dacite I (in contact with the overlying rocks) are 
commonly polymetallic.
The vein-type sulphide deposits occur within various 
rock series and their ages range from Upper Cretaceous to 
Middle Tertiary.
8.2.1. The Massive type sulphide deposits
These deposits occur throughout the Eastern Pontus 
Ore Province. They are mainly Cu-Zn ore bodies, the two 
exceptions being the Harsit-Kbprtlbasi and Harkkoy deposits
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in the investigated area which are essentially Cu-Pb-Zn 
deposits. Some pyritic sulphide deposits are also included 
in this type by some workers. However, this may be the 
result of the "massive" definition, where in the past the 
enriched ore found at the intersection points of the NE-Slli 
and NUi-SE trending fractures was described as massive.
According to Bancovic (1977) the massive sulphide 
ore deposits occurring in the Eastern Pontus Ore Province 
are stratiform volcano-sedimentary.
The massive type sulphide deposits are named for their 
zoned massive stratiform ore which occur as comformable 
lenses, and grade down into less economically important 
stockwork - impregnation zones which consist of disseminated 
and network mineralisation distributed in irregular shapes 
in the footwall Dacites - Rhyodacites. The massive ores 
are commonly overlain by the Tuffaceous Sedimentary Series 
and contain a thin bed of cryptocrystalline quartz and 
hematite. A thin bedded barite is found between the mas­
sive ore and Tuffaceous Sedimentary Series in the vicinity 
of the Harsit-KbprUbasi deposit. The Tuffaceous Sedi­
mentary Series have a lateral extent exceeding the dimension 
of the massive sulphide ore by about a few hundred metres. 
Gypsum is only found in the vicinity of the lYladenkoy Cayeli 
deposit.
A widespread alteration occurs in the footwall Dacites - 
Rhyodacites, and to a lesser extent in the overlying 
Tuffaceous Sedimentary Series. The footwall alteration 
halos commonly exceed 100 m. in depth and are represented 
by intensive feldspar alteration, silicification, argil- 
lization and carbonatization. Although a high degree
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of kaolinisation is observed in the Dacitic - Rhyodacitic 
tuffs above the Harsit-Kbprbbasi orebody, the alteration 
of the hanging walls usually does not extend more than 30 m . 
above the ore boundary. The hanging wall alteration is 
usually represented by hematitization and carbonitization, 
and less commonly by argillization.
The massive type sulphide deposits of the Eastern 
Pontus Ore Province are essentially composed of two zones: 
massive ore zone and a stockwork-impregnation ore zone.
The former is stratiform, bedded mineralisation and is 
believed to have precipitated syngenetically from ore fluids 
emanated at the submarine surface. The latter is dis­
seminated and network mineralisation distributed in an 
irregular shape in footwall rocks and is considered to 
have formed epigenetically from hydrothermal fluids moving 
up through the Dacite - Rhyodacite. There is usually a 
sharp boundary between the massive ore and the hanging wall 
rocks. The massive ore grades down into stockwork- 
impregnation ore.
The massive ore lenses out laterally rather abruptly 
in most cases and sometimes is characterized by distinct 
vertical zoning of the constituent minerals. This vertical 
zoning is represented by a sphalerite-galena-chalcopyrite-rich 
zone at the top, through pyrite chalcopyrite-rich zones into 
massive pyrite at the bottom. This zonation is apparent 
at Lahanos (Tugal, 1959; Leitch, 1975) and part of lïladenkby 
Cayeli (Cagatay, 1977), however it is not present at the 
Harsit-Kbprbbasi deposit.
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Sphalerite, galena, pyrite and chalcopyrite are the 
major constituents of the Cu-Zn ore bodies of the massive 
type sulphide deposits, while bournonite and tetrahedrite- 
tennantite are more abundant than chalcopyrite in the 
Cu-Pb-Zn orebodies (e.g. Harsit-Kbprbbasi deposit). The 
minor minerals are bournonite, tetrahedrite-tennantite, 
bornite, idaite, enargite, boulangerite, geocronite, 
chalcocite, covellite, marcasite, electrum and traces of 
Pb, Bi, Sb, Se and Te minerals such as bismuthinite and 
tetradymite. Other minerals are, quartz, anglesite, 
barite, hematite, malachite and azuite, realgar and clays. 
Chalcopyrite is the dominant ore mineral of the stockwork- 
disseminated ore of the Harkkoy deposit, while at the 
Harsit-Kbprbbasi deposit it was found in only a few samples 
of the stockwork-disseminated ore as a major constituent.
The minerals are generally very fine-grained in the 
massive ore zone (less than 250-350 microns). The upper­
most part of the massive ore is characterized by fine 
framboidal, colloformic colloidal, concentrically zoned 
and pellet textures generally shown by pyrite and less 
commonly by sphalerite. In the stockwork impregnation 
ore the pyrite, sphalerite, galena and the sulphosalt 
minerals show coarse texture. They occur as euhedral 
crystals (often greater than 1 mm), the pyrite crystals are 
usually zoned.
The most important massive type sulphide deposits 
in the Eastern Pontus Ore Province (from West to East) 
are the Akkby, Lahanos and Harsit-Kbprbbasi deposits in 
the Province of Giresun, and the lYladenkoy Cayeli deposit
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in the province of Rize.
8.2.2. Stockwork type sulphide deposits
The stockwork type sulphide deposits of the Eastern 
Pontus Ore Province are generally of pyritic-copper variety 
however a few deposits are polymetallic. The copper 
usually is the dominant ore element even in the polymetal­
lic stockwork deposits, unlike the massive type sulphide 
deposits in which Pb and Zn usually prédomina tecover Cu.
The stockwork deposits occur as a network of veins and 
veinlets, with thicknesses up to 15 cm (e.g. Murgul).
These deposits are always associated with the Dacites - 
Rhyodacites and commonly occur within the upper part of 
these rocks (e.g. Israil). The host rock is silicified 
in the proximity of the mineralisation.
The major ore minerals are pyrite and chalcopyrite, 
pyrrhotite, sphalerite, galena, tetrahedrite-tennantite, 
bornite and traces of telluride minerals being the minor 
constituents. These minor constituents usually occur as 
small inclusions. The gangue minerals are quartz, 
hematite, barite, carbonates and clay minerals.
The mineralogy and textures of the stockwork type 
sulphide deposits have similar features with the stockwork 
impregnation zones of the massive type sulphide deposits.
At Kotarak Dere and Kizilkaya (Giresun province) a very' 
small amount of massive pyrite ore was found above the 
stockwork ore zone. Because of this some workers suggested 
that many of the stockwork sulphide deposits seen at the 
surface may represent the stockwork zones of the massive 
type sulphide deposits which have been removed by erosion 
or, are concealed beneath the flanks of the overlying,rocks.
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However, they differ from the stockwork zones of the 
massive type sulphide deposits with their intensive silici­
fication .
Most of the occurrences of this type are uneconomic 
deposits. Their principal mineral is pyrite which occurs 
in thin veinlets, with minor amounts of chalcopyrite. The 
economic stockwork type sulphide deposits are important 
for copper, pyrite and gold. The most important stockwork 
type sulphide deposits in the Eastern Pontus Ore Province 
(from West to East) are Kizilkaya and Kotarak Dere in the 
province of Giresun, Anayatak and Cakmakkaya in the Murgul 
area.
8.2.3. Impregnation type sulphide deposits
These are uneconomic deposits distributed throughout 
the Eastern Pontus Ore Province. They always occur within 
the Dacites - Rhyodacites. Pyrite is generally the only 
ore mineral, however traces of chalcopyrite and galena 
may also be present. The Sarisu occurrence contains only 
pyrite, however displays similar hydrothermal alteration 
features to those observed in the footwall rocks of the 
Madenkfty - Cayeli deposit (Cagatay, 1977). Kawada &
Engin (1972) reported similar occurrences from the Beyazsu 
area of the Cayeli district, and Savamura and Yilmaz (l97l) 
from the Sbrmene district. J
8.2.4. The vein-type sulphide deposits
The vein-type sulphide deposits of the Eastern Pontus 
Ore Province are believed to have formed epigenetically 
from the subvolcanic hydrothermal fluids. They generally 
occur in north-west trending and less commonly in the
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north-east trending fissures and fractures within the 
dacites - rhyodacites, andésites and pyroclastics. The
vein-type sulphide deposits are commonly polymetallic, 
their ore minerals comprise galena, sphalerite, pyrite, 
bournonite, tetrahedrite-tennantite, aikinite, chalcopyrite, 
idaite, digenite, boulangerite, arsenopyrite, betekhtinite 
and marcasite. The gangue minerals are quartz, barite, 
calcite, dolomite, rutile and clay minerals.
The age of the subvolcanic hydrothermal vein type 
sulphide deposits range from Upper Cretaceous to Middle 
Tertiary. They are widely distributed in the Western part 
of the Eastern Pontus Ore Province. The vein type sulphide 
deposits of Bulancak area commonly occur within north-west, 
less commonly north-east, north-south and east-west trending 
fractures and have been genetically related to the Middle 
Eocene igneous activity, and resemble the Neogene subvolcanic 
hydrothermal veins of Japan (Akinci, 1974). The vein 
deposits of Piraziz occur as small and medium veins in the 
fractures of silicified, kaolinized, carbonitized and 
kloritized andesitic breccia. The vein-type sulphide 
deposits of the SUrmene district occur in the dacitic series 
within north-east trending fracture zones (Sawamure and 
Yilmaz, 1971).
The main vein type sulphide deposits of the Eastern 
Pontus Ore Province (from west to east) are Kumarli,
Arpalik, Karakiraz and Gttzevi-Baskby in the province of Ordu; 
Kusluvan, Dari and Derektty in the province of Giresun; 
Derebasi in the province of Trabzon; and Alacadag and Fol 
in the province of Gümüshane.
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8.3. Origin of the Ore Minéralisation in the Eastern 
Pontus Ore Province.
The sulphide deposits of the Eastern Pontus Ore 
Province commonly occur along NUi-SE and NE-SUi zones. Six
deposits and occurrences in the eastern part of the province 
are found to fall along a line extending from Murgul in 
the north-east to Kutlular in the south-west (Cagatay, 1977). 
According to Buser and Cvetic (1973) the mineralisation 
at the Anayatak and Cakmakkaya in the Murgul area occurs 
along NE-SUi and NUi-SE zones. It has been shown in the 
present study that the Harsit-Kbprbbasi deposit is assoc­
iated with NE-SUi and NUi-SUi trending zones.
The NE-SUi and NUi-SE trending zones are widespread 
throughout the Eastern Pontus Ore Province in all stati- 
graphic sequences. Therefore these zones, which have 
been active during the whole of the Alpine Orogeny, are 
believed to be lineaments of deep structural significance. 
They control the distribution of the dacitic magmatic 
activity, the location of the associated ore deposits and
the type of the deposits.
The origin of the sulphide deposits of the Eastern 
Pontus Ore Province has been considered to be hydrothermal 
by most of the workers until 1969. However, recently it 
has been the subject which has been considered by a number 
of authors (Tugal, 1969; Wujanovic, 1974; Gbmbs, 1974; 
Popovic, 1975; Bancovic, 1977). Some share the opinion 
of the previous authors. Tugal (1969) despite the "strata- 
bound" feature of the Lahanos deposit, when taking into 
account a) the field observation, b) microscopic studies 
of the ores, and c) the chemistry of the ore, came to,the
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conclusion that it belongs in the epigenetic hydrothermal 
class. GbmUs (1974) believed that these deposits are 
hydrothermal in origin and are related to the Tertiary 
granitic intrusions which occur along the south of the 
province. GUmUs distinguished four zones (from South to 
North) in the Giresun province, Fe zone (Fidelli deposit) 
Cu-zone (Eseli deposit), Cu-Zn zone (Harkkoy deposit), 
Pb-Zn zone (Harsit-Kbprbbasi deposit). However, it has 
been demonstrated in the present study that both Harkkoy 
and Harsit-Kbprbbasi deposits are Cu-Pb-Zn deposits. 
Popovic (1975) considered the linear features along which 
these deposits occur to be thrust zones and channelways 
for hydrothermal solutions from the granitic intrusive 
processes. Popovic also suggests three zones (from South 
to North) in the east part of the Eastern Pontus Ore 
Province Mo-Cu-Zn zone, Cu-Zn zone, Pb-Zn zone. The 
lYladenkby-Cayeli deposit which was included in the Pb-Zn 
zone was found to be Cu-Zn orebody (Cagatay (1977).
Vujanovie (1974) distinguished three types of ore 
deposits in the Eastern Pontus Ore Province:
a) Volcanic-sedimentary-hydrothermal deposits
b) Hydrothermal deposits
c) Skarn-hydrothermal deposits
He suggested that the volcanic sedimentary sulphide 
minerals were precipitated contemporaneously with the 
Rhyolitic-Rhyodacitic host rocks and the hydrothermal 
sulphide mineral solutions of this type are related to 
later volcanic rocks. The hydrothermal deposits are 
genetically related to later Rhyolitic-Rhyodacitic reac­
tivated volcanism, however he believes that a number of
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these deposits are the products of remobilization and 
redeposition of deeply-seated volcanic-sedimentary deposits.
He believes that the skarn-hydrothermal deposits are the 
product of two phases. The first phase which includes 
high temperature minerals like amphibole, pyroxene, epidote 
garnet, magnetite, etc. may be genetically related to 
granitic intrusions. The second phase includes abundant 
pyrite, varying amounts of chalcopyrite, occasional sphalerite 
and galena and they are often products of remobilization 
of the primary volcanic-sedimentary ores.
Bancovic (1977) pointed out that the ore deposits of 
the Eastern Pontus Ore Province are stratiform volcano- 
sedimentary massive sulphides and chiefly associated with 
volcanic domes and vents, deposited in certain levels of 
the volcanic complex.
The massive type, stock work type, impregnation type 
and vein-type sulphide deposits commonly occurring in the 
Dacitic - Rhyodacitic rocks of the Upper Cretaceous age 
of the Eastern Pontus Ore Province have familiar features 
to the stratiform Kuroko deposits, stockwork ores and 
fissure-filling veins in the so-called Green Tuff basins 
of Tertiary Age of Bapan. These features are as follows:
1. Both regions have the same three types of 
sulphide deposits, the exception being the impregnation 
type, which comprises the widespread uneconomic deposits 
distributed throughout the Eastern Pontus Ore Province.
2. Both ore provinces are associated with the felsic 
calc-alkaline volcanics and pyroclastics. Their massive 
type deposits are overlain conformably by tufitic series.
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3. The fluid inclusion studies have indicated that 
the fluids responsible for the deposition of the minerals 
at the Harsit-Kbprbbasi deposit have similar salinities 
and slightly higher temperatures of deposition in compari­
son with the Kuroko deposits.
4. The mineralogy, texture and mineral zoning of 
the massive*type ores in both provinces are similar.
However the gypsum ore is less extensive in the Eastern 
Pontus Ore Province. Trace amounts of pyrrhotite in this 
province may be due to the slightly higher temperature of 
the ore solutions.
5. The major and minor element chemistry of the mas­
sive ores in both provinces are similar. Although up to 
4 gr/tone of gold was found to be present in a Harsit- 
Kbprbbasi drill core, gold was not analysed in the Eastern 
Pontus Ore Province regularly. This province commonly 
contains Cu-Zn deposits, the two exceptions being Harsit- 
Kbprbbasi and Harkkoy deposits which are Cu-Pb-Zn deposits.
6 . Both regions have large alteration halos of 
sericitizationj silicification and argillization in the 
footwall of the massive sulphide deposits. Hematitization 
and less commonly carbonitization is also present in the 
hanging walls of the Eastern Pontus Ore Province massive 
sulphide deposits. This may be due to the composition of 
the hanging walls of this province which commonly contain 
sediments intercalated with the tuffs.
The Eastern Pontus Ore Province contains large amounts 
of felsic calc-alkaline volcanics and pyroclastics. Such 
large amounts of felsic volcanic rocks are known only 
from island arcs with fairly thick crusts and from young
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"active" continental margins. It is therefore believed 
that protocontinental crust is essential for the formation 
of these volcani,c rocks. It may be said that the felsic 
magmas may not be derived from the melting of sediments 
incorporated in the sinking lithosphere.
The felsic magmas could have either formed by fraction- 
ation of basic or intermediate magmas within the crust, or 
by partial melting within the crust. If we assume that 
the felsic magmas are formed by fractionation, magmas 
could have risen up into the crust from the mantle under 
the Eastern Pontus Ore Province and stopped at a level 
where they encountered rocks with almost the same or 
slightly lower average density. Felsic magmas could have 
formed by fractional crystallizations at this level. For 
this fractionation a continental type crust is essential, 
because the magma would have to "float" at a density 
equilibrium level which is possible with the relatively 
light crystal rocks.
The formation of felsic magmas by partial melting 
within the crust would be possible where the ascending of 
the basic and/or intermediate magmas from the mantle raised 
sufficient temperature, or there was an influx of hot 
aqueous fluids.
The sulphide deposits of the Eastern Pontus Ore 
Province were probably formed in the waning stage of the 
dacitic volcanism. The massive sulphide deposits were 
formed in a relatively shallow t rough and within a 
submarinecexhalative formation, as a result of the mixing 
of sea-water with ascending ore solutions.
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APPENDIX 1
ANALYTICAL TECHNIQUES
Fifty-seven rocks were analysed using wet chemical and 
X.R.F. (Siemens 6KV apparatus) methods. Most of the rocks 
were analysed by X.R.F. The samples were powdered in an 
agate mortar to less than 350 mesh (38 pm), and subsequently 
were pressed into smooth tablets using 2g of sample and 2g 
of cellulose powder. The results were interpolated graph­
ically, using the wet chemical analyses as standards.
Other well-known standards were also used. Corrections 
were made where for the interference caused by other elements. 
Four determinations were made, two on each side of the 
tablets. The average of these determinations is the quoted 
value. The stability of the instruments was checked by re­
peating two standards after every eight samples. The ac­
curacy of the determined element were found to differ Ti02> 
^®2^3' MnO, CaO, NaO, K2O, CO and Zr have a comparatively 
high accuracy; Si02, ^2^5* Hb and Sr moderate, and Al2^3*
MgO, Ba, Cu, and Y lower accuracy. Accuracy of the major 
elements is - in the case of AI2O3 and MgO).
The wet chemical analyses were carried out using com­
bining classical techniques. Al20^, Fe20g(total), MgO, CaO, 
Na20, K2O, Ti02 and P2O5 were determined using a stock solution 
The solution is prepared by dissolving 0.5 gram of rock powder 
by HP and HCIO^. Si is driven off by evaporation as SiF^, 
and the remainder dissolved in 4 mis of HCIO^ and water, 
and diluted to 500 mis.
MgO, CaO and re20g(total) were determined by atomic 
absorption (Unicam SP1900) using an air-acetylene flame.
The stock solution was rediluted to l/lO and a realising agent
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(l% LaClg) was added. AI2O3 and fYlnO was measured directly, 
on stock solution. Na20 and K2O were determined by emission 
flame photometry and air-acetylene flame. Ti02 and P2O3 
were measured calourimetrically (Unicam, 5P500 series 2 
spectrophotometer). Si02 and CO^ were determined by the 
methods of Washington.FeO was determined by titration and H2O 
by a modified Penfield method. Seven trace elements namely:
Co, Cr, Cu, Li, Ni, Pb and Zn were determined by atomic ab­
sorption using a solution diluted to 50 mis, whilst the re­
maining trace elements were determined by X.R.F. The accuracy 
of the major elements analysed by wet chemistry is better 
than - 1%,
The electron probe microanalyses were carried out using 
a Cambridge Stereo Scan Electron Microprobe Mark V, at an 
operating voltage of 25 KV, the beam current being 0.15 pA.
The data was corrected for matrix effects, back scattered 
electrons, fluorescence and background radiation by a computer 
programme. The accuracy of the analyses is - 2%,
The composition of the clay minerals have been analysed 
by X.R.D. (Siemens 6kV apparatus). The samples were powdered 
in an agate mortar to less than 350 mesh (38 pm). Twenty 
grams of the powder was poured in a 1000 ml beaker filled with 
water. It was stirred in one direction until the whole liquid 
body was swirling round. It was left 48 hours with a cover 
on top. Most of the water was sucked off without disturbing 
the sediment at the bottom. The beaker, half-covered, was 
placed on top of an oven and slowly heated until the water 
evaporated. Sediment was scraped off and put in a beaker filled 
with water and the process was repeated again. After the 
water evaporated 10^ of the sediment was carefully scraped 
off using a razor blade and mounted in a glass. The s a m p l e s  were 
noLysed by X.R.D. (Siemens 6 kV apparatus).
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Locality of the
Sample Number
1/1
1/2
1/3
2
3
4
5
6
7/1
7/2
8
9
9/a 
9/82
10/a
IG/b
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
APPENDIX 2 
ore samples analysed by X.R.F, 
Locality
Gallery (ore) -13
Gallery (host rock) 
Gallery (host rock)
.50 m.level 
-13.50 m.level 
-13.50 m.level
Unknown
H68 drill hole 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68 
H68
-16
- 3
80 m.level
00 m.level
- 3.01
- 9.06 
-17.51 
-22.56 
-22.56 
-47.61 
+23.29 
+24.79 
+ 2.44 
+ 6.44
- 1.71 
+ 1.29
- 4.86 
+ 0.29 
123.71 
-96.21
m.level 
m.level 
m.level 
m.level 
m.level 
m .level 
m.level 
m . level 
m.level 
m.level 
m.level 
m.level 
m.level 
m.level 
m.level 
m.level
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Sample Number
31
32
33
34
35 
35
37
38
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61
Locality 
H68 drill hole 
H68 
H68 
H21 
H59 
H31 
H62
H61 
H20 
H34 
H34 
H27 
H27 
H27 
H27 
H27 
H27 
H27 
H27 
Clay fault 
120° fault
(intersection of 120°/50°-60°)
120° ore fault
Near H9A drill hole
50°-60° ore fault
Not known
Not known
Harkkoy deposit
Harkkoy deposit
Harkkoy deposit
-56.96 m.level
-73.31 m.level
-8 0.71 m.level
+10.39 m.level
-11.50 m.level
-54.98 m.level
Realgar. Near H15 
drill hole
Realgar
-171.24 m.level
-118.31 m.level
-104.31 m.level
-70.73 m.level
-64.13 m.level
-57.20 m.level
-50.23 m.level
-48.73 m.level
-42.73 m.level
-27.73 m.level
-22.23 m.level
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